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ADVERTISEMENT,

'mis Theatise, though particulaily intended for those who use
ither of the maps menlioned m the title-page, will, I hope, he
yund unaeful to all who wish to acquite a distinct idea of the con-
exion between projections m geneinl, and the sarface of the
here which they remesent, The leading pumciples denved from
u accurate consideration of any one mnslance, aie those which
pply to every other hnthetlo used, with the exception only of what
» ealled Meicator’s Projection,  Bat of all the methods in question,
should deadedly prefer the Gunomonic Piojection for sy purpose
[ geneial instruction, on account of 1ts superior simpheity, and
1¢ ease with which the tiansition may be made from the sphere
) 1ts nclosing cube,

Simple as a globe may be m s punciple, theie aie many
wilities afforded by a map, and on the other hand, there are
yme pomts m which the foimer has decided advaniages over the
iter, A map may be considered either as n catalogue for the
ractical astronomer, o1 as a pictme of the heavens for a leainer
a the former point of view, 1t 15 of little consequence what pro-
ction 1s employed* in the lalter, the pumary propeity of the
nomonic Piojection, namely, that three stais which are in n line

1 the appaient heavens, are also uPa line m the map, renders ity
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2 ECXPLANATION OF MAPS OF THE STARS,

wiuch would oblige us to follow 1t with one telescope, and alter the
angle which the two make with one anothe.

If we 1Imagine a tianspaient swiface of glass, of any form whatever,
to be mteiposed between the eye and the objects which me to be
pietuied, and 1f straight lines be drawn thiough the various poinls of
any object, all meeting at the eye, which may 1epiesent 1ays of light,
the pomts at which these 1ays intetsect the glass will together maik
on the glass the pictuie of the object chosen, This 15 1epesented 1n
the followmng diagiam, wheie A 18 the position of the eys, BC D E o
pait of the map o1 picture, and P Q R a tuangle to be 1epiesented.
The space p ¢ 715 that thiough some point of which every ray of
light coming from any powps of the tr1-
angle must pass, in orderfo 1each the
eye ; so that i the pait p g» wete
opaque, the triiangle eould not be seen.
It is ike object of a map, sumply to
maik out this space; of a pecture, to
mail it out 1n sach a way, by colom-
ing and shading, that the 1ays which come {rom the vanous points
of p g r shall 1esemble 12 colour and bulliancy t{hose which would
pass thiough p q1, if the tianspaiency woie restored and the object
allowed to be seen,

T.et us naw suppose a spectator situated at any pont of the enith,
So long 0s he looks at the fixed stais only, 1t 18 mdifferent i what
puit of her oibit the emth may be, since the distance of the fixed
stais 1s s0 gieat, that there 15 no apparent change of place aising out
of tho motion of the earth 1 her o1lut, Thus m tavelling, objecls
which we near to us change thewr duections peiceptibly i a very
shoit fime ; and we leave behind us the things which shortly before
weie at oms nght or left hands  T'his soit of change 15 perceived m
mstramental observation with 1egard to the planets, which are suili«
ctently neai lo show the earth's change of place as well as their own,
But, just as i the former case 15 may be homs or days before the dnec-
tion n which we see a distant hull 1s perceptibly altered, o1 as the sen-
men say, before s bearing 15 changed ; so on the heavens, the whale
yeuly track of the eaith does not enclose a space which 15 perceptible
fiom the nearest fixed sta, so that the position of the latier will not
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be sensibly altered by the oibital motion of the emth. The 1eader
must attend to this powmt, because to this it 1s owing that we do not
want different maps of the stats fo1 dilferent penods of the year,

If a glass globe of consideiable dimensions were constincted
atound the spectator, of which hus eye was m the centre, and 1f we
imagme, fo the sake of 1llustiation, that the spectalor 1s not on the
eatth, but m voiud space, wheie he can see the whole of the heavens,
we may conceive & number of datkspols to be placed upon this globe,
mgucha way as to Iude fiom him the seveial stms which before weie
visible Heie would be a pictute of the 1elative positions of the stas,
which would be a lasting one, since the apparent change of place
auging ont of the dininal motion of the eaith 1s not tuken into ac-
count, the spectator bewng fixed. If, however, we imagme the ap-
parent 1evolution of the stais cansed by the last-mentioned motion to
be 1eal, and to canry all the stms 10und the spectator 1n twenty-four
hours, the globe may be supposed to twin m the same time, and
the snme dnection, by which means each spot will continue to keep
the same stan out of view which it did ol fist

The visible pmt of the heavens hos the appeamance of half such a
globe ; for simce we foim no wea of the 1elative distances of the dif-
forent stma from ouiselves, the lattar seer lika bught spots all situated
at the same distance fiom us, ot least it requires no efforl of imagl-
nation to suppose themsuch, They give us, therelore, the iden of beng
placed upon an immense spheie, of wiich the glass globe just alluded
o 15 o small copy, We seo fiom many lenestial appenrances,
that when dislances becomo considerable, we lose the powor of dis-
tinguishing one fiom another: thus when a large pait of the hoi-
son 18 bounded by a chain of hills, very far fiom us, 1t seems as 1f
thoy weie mianged 1 & partof a cucle, though perhaps they may be
mn o strimight ine mterrupted by continved and ivegnlm variations

Thia cienlr form of ihe hotizon is a proolof the tendency to estt-
male those distances as equal, between which, from then magnitade,
we have lost the powor of disctimmnating, However nregular the
ground may be, the boundary of the view, If in uny degiee extended
in all directions, is chienlar,  As this phenomenon 1s cited 1n many
popular works on astionomy as o proof of the 1otandity of the eth,
we will call attention to the fact that it wonld still remain, if the eaith

weie o plane, indofinitely extended on every side.  Fou, Such beimng
B
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the case, suppose a spectator at sea, with an open view i all duechions ;
there would stil be an appatent bounday, smce all above the line
A B would be sky, and alt belowit p
water  Theie would theiefote be i
every direction a visible line i which
the sky and water meet, which would
appeat at the same distance in every
duection, and would assume the
foim of a encle, af the haght of the eye  The poof of the 10tun~
dity of the emth, fiom the appemance of the honzon at sea,
ought to be denved from the line mn which the sky and water meel
not bewng of the same height ns the eye , which appeats in the follow-
mg diagram to he the pioperty of a sphenical ot other 10und swmiface,
Thts phenomenon 15 very clearly
visible when the hortzon 1s viewed
fiom the top of 2 Tugh il

From the actual survey of the heavens, the stms weie dinded
wto gioups, which weie fancifully hkened to figuies of men
and ammals, befoie any glohes o1 maps were constiucted Thus
the astionomer had certain fixed notions of the positions which
the constellations occupted 1¢latively to one another, and to him-
gelf, that1s, to the centre of the apparent celestial sphaie, The
stals weie distingnished fiom one another by the positions they
occupled upon the body of the constellation to which they be-
longed, one was i the nght arm, another in the lelt, a thurd
m the leg, and so on  'lhe foimation of mufical globes n-
volved a difficulty, as the spectator of the globe was not 1 the
same posibion relatively lo the pictured constellations as that in
which he stood to the apparent celestinl sphere; bemg on the ounl~
side, and not at the centre If we conceive an aibist, pamting
the globe 11 the ntenior, accoiding to us own notions of the relative
position of the constellations, anothei peison viewmng the figures
from the exterior, thiough the glass, would see them all 1eversed ;
that is, the hand which the mtenio obseiver would call the 1ight, 18
the left m the opinion of the extennor obseiver. The same effect is
produced by looking thiough a pictme from the back, Most peisons
must be aware of the manner in which 1t 13 necessary to anange the
letters in the printer’s composing-stick, 1 oider that the 1mpression
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may be direct, or from lefl to 1ight. 1f the types could be ananged
as follows,
Maps of the Stars;

the impiession taken fiom them would be the following,

wasl2 ody 1o agqsli

and vice versd ; so thal types set up i the second way exhibil an im-
pression like the fiist,  The 1eason why the priniers’ types cannot be
set up m the first position, 15 that they cannot be completely 1e-
veised , since in that case they would only present the unletiered end
of the melal to the paper nnless stamped at hoth ends,  The paitinl
reveisal that the common types wonld beay, would simply amount
to writing the senlence backwaids, and upsidedown , as follows,

¢ sroyg o) Jo sdupy
this 13 the appentance presented, not to a spectator putside the globe,
bul to one who stands upsidedown inside the globe,

1f the fitst anangement weie made on hin paper, the sccond
would appear on looking at 1t thiough Lhe paper, and the samo
alteration takes place when that which has heen wilten or drawn
on the wside of a tinusprient globe, 18 looked al liom the outside,
A speclator on the outsxle sees the figuies as he onghl to draw them
on wood o1 copper, n order thal the impiession may 1epresent the
appeatances pesented Lo o speciator on the mside.

Lei us now suppose that the arfiskin the mtenol, msleal of draw-
ing figwes upon the globe, foyms thin and flexible statues, 1w which
the fiont and back, or tha two sides i the figmio is placed sileways,
aie peifectly formed, the thickness only bemg dimmshed  These
he [nsiens on the intenom of the globe, with the fionts towaids hin
sell, 1lence wheie he sees the fiont of a figure, the spectator on the
outside will sce the back ; whete one sces the nght hand sule, the
other will see the left, both will sea the sume outhine, butl differently
filled np n the two cases, as in the following picture, which ex-
hibits the appesiance of « figiio fiom the mtumr and exlenon,

Theie will now be no confusion between the ug,ht land and the
left, since both will fix upen the gamé hand when asked for eiher;
but those slars which Lo the spectator n the mtenior appess in the
breast of & figuie, will to a spectator b the oculsyle appear in the
back, We shall hercafler resume this suhject in disenssing the 1ca-
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s,

sons which have been thought sufficient for the adoplion of the
scheme followed 10 the maps we aie descibing

The globe having been thus obtamed, and the positton of the
spectator seitled, we come to the defimtion and constinction of o
map of the globe, By the woird map s generally undeistood a 1e-
esentation of part of a cuived surface on a plane, o1 {lat surface,
If we wanted a map of a cone o1 cylinder, the smfaces of which
admit of being uniofled without the relative position of any points
on the surface being alteied, thal s without any expansion, con-
tiaction, or temnng, a peifect map would be obtaned by sumply
uniolling the smface  Bui, a sphere has not this propeity of develop-
ment, and whatever contiivance we may employ, the 1epiesentation
of agphere upon & plane must moduce some distorbion ; that s,
stars which ale at equal distances on the globe, cannot always be
placed af equal distances on the map. This 1s however an ob-
jection only when a map 15 consideied 4s a peifect pictue ov
resemblance of the whole heavens, but none whalever when
we conader a map as no moie than a method of registering
the different stms and nebule, wlich shall preseive contignous
pottions of the heavens, when not very large, m something like
then ielatve positions Lt 1s sufficient for the purpose of 1egistiy, to
have & plane o planes, so connected with the spheie by a sinple
mathemahieal Jaw, that every pomt of the globe haa one pownt, and
no moie, coliespondmg toit upon the planesj and for the puiposes of
general stmilitude, 16 15 enough that objects which are very near
upon the globe ai1¢ very neai upon the map, the piopmtions of dis-
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tance upon the latter not very much diffenng fiom those upon the
foomer  for example, if the star A upon the globe 15 twice as fw
fiom B as fiom C, 1t 15 sullicient thal on the map the distance of
A from B docs not differ much fom twice the distance of A fiom
C. Rgecting the laiter condition, we may conceive vauous ways of
constiucting o map ctther upon planes o1 other smifaces, which shall
answer the principal condtion of having one pomt and no moie on
the map, conesponding lo each pomt upon the globe.  For llustra-
tion, concerve the stas, constellations, &c , to be diawn upon a globe
with ik, which, as soon as 1t 15 laud on any pownt, sinks duectly to
the centie, withont spieadtng in any other direction; so that each
powil, b0 soon as 1t 18 marked, 1 connected with the centic by a dmk
lme Let paits of the globe be now cul away 1egolaily o1 niegulaily,
with this condition only, that the centre 15 never to be lawd open, and
no excavation 15 to be made which shall, after one of the dmlc lines
has been divided fiom the centie, allow any higher pait of that
line to continue 1 the prece which contams the centie  In this ense,
whatever may e the foim ol the 1emaining piece, it 1s, theorcuically
spealing, as complete o representation of the heavens as the globe
iself s for though any stm be cul away, some other pomnt of the
black line which 1an fiom 1t to the centie will be lawd open, and the
star will not be lost,  If the sphete were placed upon a tmning lathe,
and turned mto another and smaller sphere wilh the same conbie,
thete would be no distorfion, sinee all hgmes and distances would
be lessened i the same propotbion,  This would haidly he & map, i
the common sense of the word, for 1t could not be umolled and Ind
upon a plane, the spheie, as aheady explaned, not hewng developable,
Butif a cone or eylinder, or & cube or other swfuce composed enw
tirely of plane faces, weie cut oul of the spheie, the swmface thus
obtaumned might be umelled, as i the followng diagiams 3 i which

9|
ol <>

the cube foims six squares placed together, the cylinder a 1ectangle,
and the cone a sector of a curcle,
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We now exhibit' one sort of map¥, which we have purposely
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EXPLANATION OF MARS OF THI STARS, 9

chosen because 1t 15 not much bke any of those which ae most
commonly seen. Diffeung entuely fiom a common picture 1 prin-
ciple, and being altogether unlike any 1epresentation of a globe, it
will the better illustiate o defimtion that any figure will sexve for a
map, which has a point coriesponding to every pownt on the globe
Tt consisis of two cncular seclois, BCE TPV and EDIETE,
each contamning more than a semicncle, or about 254%°, Fach of
these scctois 15 a developed cone, and the cones may Dbe 1estored by
cutting out the sectors, and buinging togethet the pans of lines
motked DE, DB, and CT3, CE  The two cones thus formed will
have the diameters of then bases double of then heights, and when
put together base to base, will foim a double cone or spindle,
having the distance between its opposite veitices (that 15, twice the
height of either cone) equal to the diameter of the common base
If we suppose a spheic made by theievolution of theencle CEDF
about ils diameter CD, such a spindle-shaped suiface will be

described by the peripheiy or outhine of the squmc CDET  We
may concetve the stais repiesented on the globe as alieady de-
sc1ibed, and the sphete then cut away, all except the double cone,
which will, on ow piceeding suppositions, when uniolled, exhibit
the map we have chosen  The only pomts which mie twice 1eptes
sented, me those on C 1, CE, and DL, DE, as these lines are
madle o coincide when (lie cones mie formed.

We secommend the 1eader who 1s not used to such consideralions,
not {o leave this dingtam until he can well account for the varous
appeaances exhibited on the map, and reconcile them with the
globe. As this constiuction 1s not the one which we have to eplam,
we will not dwell upon it futther, except to pomnt out the distortion
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which must take place  Looking at CE, we see that the length
from 3(° to 60° 18 much less than that fiom 0° to 30° o fiom G0° to
90°, whereas on the globe these me equal lengths.

Abandoning the illustiation htheito nsed, we will now suppose
the 1eader able to cany m bhis mind the 1den of a spheie with the
gicat and small cireles diawn on 1, together with the stais and con-
stellations, and having sharght Imes diawn fiom the cenbie thiough
gvely stal, and thiough eveary pomt n the gieat and small circles,
These lines must be supposed to be produced beyond the sutfuce of
the spheie as far ns muy be necessmy, A greal encle of the sphere
1s one which passes thiough the centre, and divides the whole mto
two equal hemspheics  Apy othel enele 1s called a smell cucle
These names are certaly not very exmessive, since a small cucle
may be as nearly equal m magnitude as we plense to a gieat encle,
It would be better, perhaps, to call them centric and excentric encles ;
but custom has sanctionad the jneceding appellations

Let us call the line diawn thiough any pomt of the spheie fiom
the centie, the projecting line of that powt A geat cnclo, with all
its projecting hnes, forms a plane; & small cncle, with all s po-

jectng lines, o cone, I any plane be placed outside a spheie, 80 as
to be cut by the projecting lines coming fiom any pait of the sphere,
a. map of that part of the sphete will be formed upon the plane, and
the pownt of the map which conesponds to any atar, 1s the point in
winch the projecting line of the star cuts the plane, 1 the globe
wele franspaient, and the stars placed upon it opaque, and 1f o small
lamp were placed 1 the centie, the shadaws of the several slars
would fall upon the contesponding pomts of the map,
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The hne or pomnt on the mayp which 1epesents any line or point
on the globe, 158 called 1ts prnjecton  Tho piejection of o great
cncle 18 a stimght ling, since all 1t» projactmg lues me w one plane,
and a plane cuts s plane m a shiaight ine The foom ol the pro-
jection of a small cucle depends upon s posilion ielatively Lo the
centic, and to the map To determme the dilfeent forms which
this plojection may assume, we must rvecollect that ithe piojecting
lines which pass {hrough the centie of the globe, and the vaiious
pomnis 1 the eitcamfuience of o small cucle, foom a cone  1[ we,
theiefore, let the cnele iempn s place, and mova the plane m
which the map 15 to bo diawn, the vaous figaies in which the
moving plane of the map cuts the cone will be these of which we aie
w search, namely, ail {he possible plojoctlom of the small cncle

N%@W/
/ﬂ%f

Let O be the centie of the globe, and A B the small ciicle wiich
is to be 1epresented on the map, The vatous lines of the conieal
smface O A B me theiefore those which convey, so to speak, cach
potnt of the cucle to s appropiiate place on the map, 1 the latler
be held paiallel to the position of the small cnele, as at CD ET,
the 1epresentation of the cnele will be another encle, differing fiom
the former m size. If the map be held obliquely to the cirele, as al
GII, but siill m such a position as {o cut the cone completely
thiough, the 1epresentation will be o flattened figme, culied, 1n geo-
melry, an ellipse  "To get a clem 1len of the other figures, we must

meake another conieal sminee O M, behind the swmiace OAB, by
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lengthening all the piojecting lines 1n the cone O A B, backwamds
towards the left. If the map be so held, as at IC L N, that 1t shall
never completely pass thiongh the cone O AB, but yet at the smne
tme shall never cul the opposite cone O M, though ever so far
lengthened either way, the 1epiesentation of the encle will be a figuie,
which, though 1esembling an oval at o1 near the pownt I, spreads ont
without lumt on hoth sides of 11, 5o that 1t has no pont opposite to P.
The pont A has therefore no 1epresentative upon the map, for O A,
being paiallel to the plane K LN, will never meet 1l The figme
mn which KLN cuts the conc m tlus case, is called a pawrabola,
Now let the map be held stll more obliquely te the cucle, as at
R8TV, 50 thal having cul the cone at W, 1t also cuts the opposite
cone at X, mnstend of passing thiough the other side of the fisl cone,
as 1 I G, o temaining always equudistant {rom thae opposite parts
of both cones, as i1 KN, The 1epresentation of the cuncle will
thetelore constst of two figuies poceeding [tom W and X, the fust
towads the night, the second towsids the left  Thiough O conceive
two lines, O Y and O Z, to be dinwn, parallel lo the plane RSTV,
and cutbing the crcle wn Z and Y It 15 evadent thai all the figwe
to the 1ight of W s the ropresentalion of so much of the cucle as
falls betow Z and Y, o1 18 contamed 1w the aic 4 BY, while the
figure to the left of X 1epiesents the me ZAY  Tor 1f fiom any
pomt of the cucls which 18 above 2Y, we diaw & lne thiough
O, it wilt fall towards the left of the plane R8TV, beyond X, This
double figure 1s calied an hyperbola, of which the two sepniate paits
cortauning W and X are ecnlled the branches, We shall not havo
occasion to consider moie than one bianch of an hypeiholn, namely,
that 0 which the point remegented falls belween its projection and
the centie; that 15, we shall only want the pait which contams W,
and corresponds 1o the lower sic ZB Y m ow figwee,

The geneiul conclusion 1s as follows +—Let a potnt, a encle, and
a plane, be all situated m space, and let o shmght lme, which always
passes thiough the powni, and runs along the crcumfeience of the
cucle, be produced 1n both duections, till 1t mects (he plane either
on one sule of the pot o1 the other, thus tiacing oul ncnve on the
plane, while it moves round the encle, If the stiaight, line always
meets the plane, that 1s, never hecomes parallel to it, an ellipse s

]
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marked out on the plane, Il the shiaight line 1s paraliel to the plane
n one position, and one position ouly, it traces out a pmabola, and
il it becomes paiallel to the plane i two difleient posttions, it Liaces
out an hyperbola, The euive 1s called the piojechion of the cicle
upon the plane, the powt 1s called the pole of projection, and the
plane, the plane of projection.

T

C

The simplest way of applymg the pieceding rule 1s ag follows:
Let O be the pole of projeclion, A B C the plane of piojection, and
thiough O diaw a plane K L M parallel o ABC The planes aie
to be considered as ndefinutely exlended m all directions It 13 a
theotem 1n geomelry, that all the lines which can be drawn through
O, pmiallel to the plane A B C, he entnely in the plane K LM, and
the converse, thal 13, 1f o hine passing thiough O hie upon K LM,
it will never meet A B C, while, 1[ 1t do not hie upon K T M, 1t will
mect A B C, if produced {ma enough,  Ifthen n cncle cul the plane
K LM, mecting 1t theiefore m two poinis P und Q, theie are two
lines which can be diawn thhough O, and the circumfercuce, puallel
to the plane ABC, namely O P and O Q; if the cucle only 1ests
upon the plane KL M, o1 touches it in one poml only, us R, thawo
is only one line which can be diawn thiough O and the encums
ference putallel to the plane A B C, namely, ORj whilo 1if the
ciicle he entuely off the plane ICL M S, as 8, no Line can be diawn
thiough O and the circumference painllel to AB G In the first
case, the pigjection of the encle upon tho plane ADB C fiom the
pole Oasan hypetbola; w the sccond, & parabola ; in the Uhrd, an
ellipse,  Theiclote, draw o plane Uhiough the pole of piojection
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puallel to the map o1 plane of projectiont il this plane cuis the
encle, the projection 1s an hyperbola; 1f the ciicle only meets the
second plane, the prgjection is a pmabola; if the cucle does not
meet the second plane, the projection is an ellipse.

We now come to the desciiption of the method which has been
employed m the maps to be eaplumed,  The pole of projectionis the
centie of the globe  The maps aie planes, six m numbet, touching
the globeso as to foum the eucumscithed cabe, The hgume called a

Py
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cube, which 15 that of n die, or of a box, the langth, headth, and
depth of which a1e oqual, 1s bounded by mix equal square smifaces,
which are oppesite, two and two. It has twelve sides o1 edges, and
eight* coineis or angles  Tach sude (as Ca) has anothet side (¢ A)
oppostte and parallel to 1t, and two other smides (B d and D ) adja-
cent and puallel.  In fatwe, we shall denote fout of the angles o
comners by the letteis A, 13, C, D, and the opposite angles by the
small letters @, b, ¢, d. Thus to find, mechanically, the side, smfuce,
o1 angle which 18 opposite to any grven ane, change latge letlers mio
small, and small lelters mtolaige  T'or instance, the coner opposite
to A is a, the smde opposite to Bd 14 b D, and the smfuce opposite
toBCadisbecAD,

The cube has a centie, in which the lines A a, B8, Ce, and D,
meet, aud this centie, which we eall O, 15 also the centia of the
aphere, when the laiter 18 placed 1nside the cube The point O 18
equelly distant hom every corner, though, owing 1o the perspective,

* “The number oF surfaces and solld angles in a solld bounded by plancs will always

togethor exceod tho numher of edges by fiwo ¢ thus 1 the cubo, thote arosix anlhes, vight
angles and lwelve edges, and

64+8=12+2,
In a pyravmd, there arc fons suufuees, four angles and slx edgos,
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this does nol appesi to be sa 1n the figme. Anyline drawn thiough the
centie cuts two opposile sutlaces in pomnts which me silunted i the
same parts of each, Thus the lme X Oa diawn thiough O cuts
BCadmX,and beAD ma; and 1if the squame B Ca d were lald
upon b¢ A D, so that d, I3, and C should comude with D, b, and e,
X would comaide with a,  The line X O 215 also bisected in O

A plane passing thiough the centie O, and cutting tho cubo, may
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pass thiough four of the faces, not meeting the other two, as P Q p g,
o1 may cul allthe six faces, as TR S {25 In the firsi case, the m-
leisection of the plane with the fnces of the cube 18 a pmallelogiam ;
thus P Q 1 parallel to p g, and Pgto p Q. The rest of this figme
may be cnsily found, when one sile only 15 known,  Suppose, fo1
examyple, p Q remains, and the other siles aie 1ubbed oul  To 1e-
store P ¢, we go 1o the opposile map¥, and finding the pomts D
and C opposite to d and ¢, we take D P and C g 1espectively equal
o dp and ¢Q. 'The points P and ¢ hemg thus found, we jomn p
and ¢, ¢ and P, and I* and Q. Tn the sccond case, wheie the plane
cuts the cube m all six maps, the figne T RS s is o heragon, or
six-suded igme, with its opposite aides T R and ¢ » puallel and equal,
as also RS atdrg, and T s and £ S, Iach sule cuts ofl & comea
fiom the map in wluch 1t1s found, mstead of pussing thuongh opposite
edges

Supposing all the sides of this figwe to be yubbed out, exeepl TR,
it is not so obvious how to replace them, We can immedualely lay
down ¢r, by lalung af equal to AT, nnd a» cqual to AR, but

* Ty word 19 hore mbroduced, 9 tho s faces of the cube nie tho pre maps {o by ox-
plaed. '
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before the section can be completed, we must find either S or s,
Having found ¢, as just desciibed, lengthen TR and CD till they
meet mV  Jom 'V and {, meetng Db in 8, which 15 the pont
requied, and {3 one of the remammg sides  But this oblizes us
to travel out of the map, and perthaps beyond the limits of the paper,
The following anthmelical method 1s pieferable  Suppose, for ex-
ample, that each s:de of the map 18 twelve mches, and that AT is
thiee mches, and A R five inches

Multyply the whole side AD 12 mches,
by what 15 left alter taking away AR, 7
and by AT 3
wluch gives 252

Muloply each of the two AR and 5 » 9= 43
AT, by the remander avising fiom
subfincting the other fom AD, 3 %7 =21

and add the podncts, which gives 66
Divide the fiist by the second, which gives D S =344 mches, o1
a lttle more than 3 8 inches  This s also the length of d 5, whence
all the points of the hexagon are delermined,

¢

L N

\\vi
X

n

A @ 'i@

It 1emains to lay down the seclion when no sude of it s given, but
one point only m each of two different maps  When the {wo points
are In opposite maps, as 1 AB CD and a bed, let them be E and P,
On ABCD find p the opposite pomt to P, then the line p 1§ pno-
duced to meet the sides, will be one of the sides of the section 1+
quited 5 to complete which one of the preceding rules must he applied
When the points mie on adjacent maps, as on ABCD and A B, ed,

119
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let X and Y Le the points, and X SY a put of the section which
passes thiough them and the centie Diaw XM and Y N peipen-
diculal Lo the common side A B, nsect AT m E, andlet L and K
be the centies of the maps 1n question, whence H K o1 1L T s half
the side of the cube, Measmie INand NY, HM and M X, and
also HX o1 H L, the half-side of the cube, TFoim the fow follow-
mg preducts

(L) UM multiphed by NY

(2.) N malupled by MX,

(3) The sum of M X and N'Y multplied by IT K,

(4} NY multiplied hy M X,

The length of 11 8 and its direction may now be found as follows:

1 When N and M fall on the same side of TI - Adldd together the
produets (1) and (2), multply by ILK, aud divide by the dilfetence
of the products (3) and (4), ‘The quotient 1s 11 8,

When it happens that II S 15 gieater than HL A o I1 B, as on the
lefi sude of the figme, T may be deteimined as follows s Tind 813
and SN, by subttacting 1153 and II N fiom 118 just found  Mul-
tiply 8B by ¥ N, and divide by SN, The answer1s BT, and BY
may be found by proceeding n the same manner with M X,and S b,

2 When M and N fall on hflerent sides of XX, take the diffeience
of the poducts (1) and (2), multiply by LIS, and dinde by the
ifference of the products (3) and (1) The quotientis 118, which
must {all on the same side of 1T us N, 1if the grealer of the products
(1) and (B) contung LL N, ov as M, 1[ the greater product conlams
HM.

We shoddld 1ecommend the 1ender who wishes Lo el o cleu ides
of these and similan processes, to provide himsell with a cubo of soft
wood, of aboul thiee mches m height, and Lo lny down several sec-
tions by the fieceding rales, A common fool tnler will serve for the
mensutements, which may be made coneetly enoupgh for every prac-
tical purpose Lo twentieths of mehes,

We now pioceed Lo consider in what way o cone, whoso vorlex 1s
al tho centic of the cube, will inleiscct the severnl maps,  We way
see fliom page 13, that 1 n encle be placed wside the eube, which
docs not pass thiongh ils centre, the projection, il any, upon each
single face of the cube will be the whole or part of su ellipse, or puit

¢
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of a parabola or hyperbola. Imagine o cubical 100m, in the centre
of which o small lamp is placed, while an opaque cucle 18 moved into
various positions, thiowing a well-defined shadow wpon the walls or
cetling, or both, Tf the shadow be thrown entively upon one wall, o0
upon the ceiling, 1t 15 an ellipsej for the ellipse 18 the only one of
the thiee figmes which 1s bounded, or contaned 1 a fimte space.
But the shadow may be thrown pmitly on the well or walls, and partly
on the celling, so as to thiow a part of one ellipse on the ceilng,
and a part of another on the wall ; ora pmit of an cllipse on the
cerhng, and of an liyperbola on the wall, and so on.  The 1ule given
m page 13 will distinguish the cases immediately, Diaw though
the centic of the cube (the pole of projection), planes pmallel to its
several faces (the planes of projection), ns n the followng diagram ;
the left hand figmie of which 1epresents the cube with the planes
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drawn wside ity and the 11ght hand the planes by themselves, T'o (ake
an wstance, there 1s & cncle of which we see the pait m. Lt does nol,
cut the centinl plane Q ¢ R#, and theiefore the projection of the
cucle on ABCD 15 an ellipse, or the part of it which fulls on
*ABGD s putofan ellipse. In thus cage we ought 16 say the pro-
jection 1 wtself a encle, becavse the ciicle m is puallel to the plane
ABCD. Bat the term ellipse wcludes cirele, because the cicle 1
itsell & particalar species of ellipse, In the case of m s droywn
the figure, the piojection 15 completely thiown on A B C D, becanse
the cone diawn through O and the circle i passes out fiom the cube
through AB G D before it has widened anough to meet the othex
faces, But 1f the circle m be mereused, (as seen in the figure,)
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some part of the pigjection may be thrown on the sides, as in the
left-hand figmie, and the paiis of 1t which lap over will not be parts
of ellipses, but of hypetbolas, because the cucle m cuts the cential
planes which ate paiallel to the lateinl faces in question By
mcieasing the cncle m still more, il will soou happen that none of
the projection 1s contained m ABCD, but 1s thiown entuely on
the fow lateral maps, wheie 1t will appear as four mes of hyperbolas,
All thice cases a1e distmetly shown m the figme of page 20, over
leaf,

Let us now suppose a spheie, whose diameter 1s equnl to A B, to
be placed msido Lthe cube, with s centio 2l O Tt will theiefore rest
upon the cube at p, and will besides touch it 1n P, Q, g, B, and o,
The vat1ous stars and constellations may now be piojected upon the
cube by 1ight lines diawn thiough the centie O, There 1s no need
to projech the six pomnts P, p, Q, ¢, R, and 9, since they ate both
upon the spheie and the cube j andf thiongh any other point of the
sphete we diaw a straight hine fiom O, this line will meet the cube
m some one o1 other of the six faces, and we then know to what
map, and to what pail of i, the stm winch 1s al that pont of the
globe must be refened. Each face of the cube 1eceives the 1epresen-
tation of a sixth pailof the spheie, the form of which will be better
undaistoot fiom the followimnyg dingiams

In the mudle figme, O 18 the centie of the cube and spheie, and
13 the vertex of a pyramud, of which A B C D, a face of the cube, 18
the base Thts pyramid conlains a puil of the spheie, and sepmiales
1 (rom tifé rest. A B i the pajection of LM, A C of L, CD of
PN,andDB of NM, Theates NM, &c., are each about 70}° of
the whole circumfeience, and the arc which extends fiom coiner Lo
corner 15 what 1emams of 180° or L094°. 'The aic which 1mns
through the middla of the map 12 90% 'The visible hermsphere on
the left contans the portion which coresponds to one complete map,
¢ 2
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suitoanded by the halves of the four contignous maps + the mvisible
hemispheie on the other side contomns the remaining halves of the
fowr latter, together with the sixth map, which compleles the whole
sphere, The visible pmt of the globe on the 11ght contams two com-
plete maps, and the halves of two otheis,

Returnng to the figuie m page 18, the globe of the heavens 15 so
placed within the cube, that P s the noith pole, and p the south
pole, Ilence QR qr is the repiesentation of the equator. This
will 1emain if we suppose the globe to tuin inside the cube on the
asis Pps we stop 1t when the equinowes, or pomts n which the
echptic meets the equator, have come to R and »  Ilence the poles,
the projections of the equatot and ecliplic, together with those of
the circles of 1ight ascension and declination, will assume the (o]-
lowing foum, of which the visible half only 18 diawn,
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Returning to a preceding illustration, 1f we were {o suppose evely
particle of 1k lad upon this cube Lo sink duect to the cenlie, leaving
a datk Tine to mark its progress, and if the solid were then placed
upon a lathe, with P and its opposite pont P (not seen) for pivots
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of 1otation, and then tmned mto a sphere, the latter would be
maiked lke a common globe as follews P and p would he the
poles, G Hg i would leave the equator on the glohe, and LM Im
the ecliptic. ' VWwvw would become the equmoctial colure, and
X Y vy the solstitial colute  The lines marked 12 3 4, which aie
encles on the higher map, and parts of hypetbolas on the lateral
meps, will all become cucles of dechnation, Agamn, 5 P 678, and
all simlay sections of the cube, together with C Aca, D Bdb, and
XYy, VWow aheady mentioned, will become cucles of nght
ascension 01 horay cucles,

Belorwe supposing the maps to be sepmated, it will be convement
to have some distinct name for each  These at the top and bottom
we shall enll the nos th polar and south poler maps, fiom the poles
which they contmn, The letters at the coiners of these wil be
ABCDand abed. Tach of the lateral maps contains one of the
principal points of the echptic, fiom which 1t may take its name
The denominations will theiefore be as follows

ABCD Noith Polar Map
Aled Vetnal Equimox Map
BCda Summer Solstice Map
CDab Aulumnal Equinox Map
DAbe Winter Sqlstice Map
abed South Polar Map

No dificulty will auise fiom our using lelteis not seen 1n the dia-
ginm, 1 1t be 1ecollected that the small letter conesponding to any
great letter 1s always on the powt of the cube duectly opposite.

We should tecommend the reader to wrte the letters A, B, C, I,
&ec., ut the corneis of Ins maps The following diagram exhibits the
whole s1x, sepaiated, the manner m which they are placed m the
book bemg shown by the heading of each, which 1s witten at the
top of the map, Those pomnts o1 lines 1n which maps come toge-
ther on Lhe cube are denoled by the same letters, and to md the
conceplion of the positions of different points on the maps, when the
Tutter are placed on the cube, a number 1s placed n every quarter of
thice of the maps, and the same number is placed mn the opposite
quuler of the opposite map * for example, the quarter marked 9 n
the winler solstice map, 15 opposite to the quarter maiked 9 i the
summer solslice map
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The hinges by which the maps are connected will ennble us to see
how the cube may be iestored. Suppose them so small as not to
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separate the edges of adjacent maps by any perceptible quantity ;
and let the whole system be supported at the point . The four
adjacent maps will then fall into the four sides of the cube, which
will he completed by bringing up the south polar map, and fixng it
to that of the vernal equinox by the clasps shown i the ciagram,
The pomts of different maps which have the samo letters will now
have fallen together, Thus L on the vernal equinox map, will meet
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I on the winter solstice map; and the points maiked o on the
veinal equinox, winter solstice, and south polar maps, will come
together,

As we cannol heie pretend to give o complete doctime of the
sphere, we presume ow 1ender to have tho common knowledge of
thai subject, and shall endeavour, by applving all om explanations to
the maps, and not to the globe, to elucidate the former by those
idens with which he 1s supposed to be familim on the latter

1 P, p. The noith and south poles, or pomts about which the
dininal motion of the earth makes the heavens appear o tmin,  They
aie the only fixed pownts 1n the heavens, Any flaed st 1s always
at the same distance flom T, This distance, o angle contained
between P and a stay, 15 the notth polar distance of the latter,

2, The line GII, Hyg, g b, hG. The representation of the gieat
encle called the equator, every pomt of which 1s cqually distant
fiom the north and south poles It 1s & square which dides the
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cabe into two hemi-cubes, each exactly liko the other, The angular
digtance at which a star 1s fiom the poiné news cat to it of the equator
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15 its declination, which 1s north ot south, according as the star 15 in
the hemi-cube which contains the noith o1 south pole.  The dechi-
nation and polar distance {ogether make up the distance between
the pole and the equator, which is 80°  In the diagram of
page 23, the north polar distance of S1s the angle 1epicsented by
P S5 ts deelinabion, which 15 noith, 1s the sum of the angles 1epie-
sented by T and @8 ‘Ihe notth polar distance of X s the sum
of the angles 1epresented by P& and X5 its declnntion s that
represented by Z X, And Y has the south declination 1epiesented
by VY,

Declmation on the globe of the heavens answers to lultiude on
the globe of the eath, o1, as we must now call 1 fo1 distinction,
geogn aphical latitude., Thus when a spectator sces a star duectly
over his head, he knows that the declination of that siar 1s the same
as the Iatitude of his own position.  The 1eader may now find those
stars which will in the conise of the day pass over his head, he hemg
1 London 1 latitude 513°,  The polai distances of all such stams
will theiefore be about 383°, and he will find among the mest con-
siderable of those wlhich pass neaily over hend, 8 and v 1 Diaco,
% and 1 Ursa Mo, and 2 1n Peisens

3 The double hne LM, M, Im, m L, 15 the 1epresentation ol
the ecliphe, o1 the great cusele thiough which the sun appears to move
n the comse of a year. 1t s represented on the cnbe by an ob

long figme o1 rectangle, the shotter sides of which are m L and M/
Tts prncipal points ale—

Sign | Af thy fst pont of Position of the Hun Nume

op Axes In the equator, and ahout to | Vernal Egunot
puss inta the northern hepn-
sphwre,

]

Camcer Al 1ts groatest distaunes above | HSumme Solstice.
the cquator, aud about o
doseend

P

Labra In the equator, and abent to | Aubtumnal Bquinox,
puss mto the southern hemn
sphere,

Vs Capricornus At s pgreatest distance below | Winter Solghee.
the equaior, and about to
{ Rgcends
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The opposite points I, ¢, are the poles of the echptic, that is, the
pomts fiom which the sun always keeps the same distance  The
precession of the equinoves, o1 the giadual change m the velative
position of the ecliptic and equalor, cnuses these poles to move
slowly 1ound 1n the duection contiaty to that ol the annual motion
of the sun, completing a 1evolubon n about twenty-six thousand
years The equinoctral points o and o therelore move backwards,
that 1s fiom H towmds G, and fiom A towads g, at the 1ate of about
504" m o year  Properly spealuug, theielore, these maps {and all
otheis) become wconiect 1 tume, but owing Lo the smallness of
the precession, 1t will be moie than a centwy befoie they me pracii-
cally useless,

4 As yet we have only mentioned the distance of a star fiom
the pole, o1 fiom the equator, as o means of fixing ifs position. But
a stal might move 10und the pole, without changing its distance fiom
it, and while 10 did so would bo smd o change s 2igh! ascension.
The right uscension of o stay 15 the following  Let a geal enele be
diawn thiough the place of the stai, and thiough both the poles P
and p  Such a chicle 18 called the fowr cucle of the st In the
figore of page 23, vauious hout ciicles are 1epicsented as they appear
on the disjointed maps  Anyone may be found by keeping the same
letter m view  Tach onc on the cube 1s a 1ectangle, and any one may
be obtained by cutting the cube by a plane which passes through the
axis  Those paits ol the hoor cucles which e found n the neth
o1 south polar mups are 1epresented by stimght hmes passing through
I and p; those pmits which aie found on any of the other mnps
ate hnes parallel to Lwo of the sides of themap, The nght ascension
of the star 15 the angle made by its how encle with that howr cucle
which passes tlnough the intersections of the eguator and echptic,
which points, calied the Tiquinones, nie chosen as convenent stations
fiom which to measuie, in the same way as on the eatth the mendinn
which passes through Gheenwich 1s ndopted as a convenient beginning
for the measme of teestinl longitude  This first hour curele 13 no
other than Lhe equmoctinl colmie, so that the solstitial colure, which
15 al ught angles (o the equunoctial coluie, has 90° of 11ght ascension.

It must, however, be observed, thal the parls of the same hour
circles which hie on differcnt sules of the pole have 1ght ascen-
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sions differrng by 180°  Thus though the pat of the solstitinl
colure which lies on the sde P =5 has the 1ight ascension of 90°,
that which lies on the side I v has the nght ascension of 270
So that the 11ght ascension of & sta1 depends on which hall of the
hour crele 1t 1s found w, The cicles of ught ascension aie sup-
posed to move with the stais, so as to keep then position 1elatively
to the latter, If it wete not so, & star would have every possible
nght ascenson m the couse of the twenly-fowr hows,

The term 7ight ascension answeis to longitude on the lerestrial
globe, o1 geographical longitude, wn the same way as declination to
latitude. Thus if the star @ 15 on the mendian of Berhn at the mo-
ment when the st & 1s on that 6f Pans, the difteience of the nght
ascensions of ¢ and b is the same as the dilference of longitude of
Beilm and Paus, It 1s customary to menswe nught ascension all
round the globe, and not, as m menasunng geogtaphical longitude,
to divde the globe into two halves, one easl and the other west of
the first meudian  So thal to make the globe of the heavens and
eatlh conespond in the methods of measwmement, we ought lo say
that 1° west of Greenwich is 359° of longitude, elways measuing
eastward till we come to the place the longitude of which 15 ox-
pressed,

The curcle m the noith polar diagram, which is not on the 10al
map, 1s that under the points of which the zemth of Gieenwich Obser-
vatory successively comes in the comse of the dumnal molion, The
direction of the ar1ows is that of tho 1eal motion of the entlh, to wiich
the apparent motion of the heavens 1s continty, The hour cucle,
in which the zenith of Gieenwich 18 found fo1 the moment, 1s the
merwdan of Gheenwich at that mstant,

On a globe, it is most convement to suppose the meridian fixed,
and the hour circles {o come successively under it, moving ftom enst
to west,  But on these maps, the dilferent puits of the day are most
eastly 1epresented by supposing the whole cubo to remmun fixed,
while the meiidian of Gheenwich saccessively moves over the hour
circles from west to east; the fist supposition representing the
apparent motion of the stais to an observer who imagines lumsel(
fixed, while the recond avises out of the real motion of the em i,

The meidan of Greenwich goes 10und the whole cube twventy-
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four hours, In the same time 1t taltes avery possible nght ascen-
slon, or moves through 360° of nght ascension. This 18 at the
rate of 15" to an how, L5 Lo a mmnule of time, and 157 to a second
of ume, Theie 18 some confusien ansing out of the uge of the
worde munute and second 1 two dilfsrent senses, The cucle 18
divided 1nto 360 degrees, each degiee o 60 mmnutes, and cach
mmnule mto 80 seconds. The latter two mie called minutes and
seconds of spece—1t should 1athet be of angle, The division of the
day need not be 1epeated , 1ts mmutes and seconds me called, for
distinetion, minutes and seconds of time, The degrees, mmntes, and
seconds of space, are maked © ' ¥ the hours, mmules, and seconds
of Lime, me marked h m, s,

Thus when we say that the star « Tami or Aldebaran, on Janvary
1, 1830, had the 1ight ascension 4" 26 10° of time, o1 66° 32' 30"
of space, we may verify the assertion as follows

4 houts answelg Lo 4% 15 degiees o 60° o O
206 mwnuates of Lime + v 6% 15 mnutes of space G 30 0
10 seconds of fame ., 10 x1bsecondsol space 0 2 30

4h 26m 10 of time , . 66 82 30

We may regard the moposition as equivalent to either of the fol-
lowmng, m which 1t will rmmedialely be 1ecopnized by the ieader
who has a clear notion of the Lteim 11ght ascension,

1. If we pass along the equalor fiom the veinal equinox,
the duection of the sun’s annual molion, we shall pass thwough
66° 82/ 30" of the cquator hefore we come under the slar Alde-
baran, or befere we 1ench the point from which we might travel on
o great circle thiough Aldebatan to tha pole,

2, The angle which the hour cucle of Aldebatan, or the plane
of that cunele, males with tho plane of the equinoctial colure, ig
66° 32' 30",

3, The meridian passcs thovgh the vernal equinox 4h 26w 10e
before it passes thiough Aldebnian § o1, suppouwing the mendian fixed,
Aldebman comes upon the meudian 48 26m 10* alter the veinal
equinoy.,

Il instead of the equator we substitute the ecliplie, and inslead of
the poles (by which woid, when used alone, the poles of the equator
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are intended) we substitute the poles of the ecliptic, then the terms
lutitude and longitude arve nsed instead of right ascension. and decli-
nation. ‘They should be called celestial latitude and longitnde, to
distinguish them from geographical latitude and longitude, wilh
_which they have no connexion. The following general explanation
will apply to these and other terms.. Let A I3 be any greaf circle on
the globe, and let Q and ¢ be its poles, Let S be a star, and draw

the greatcircle Q S ¢ passing through the star, and the poles of A B,
cutting AB in y, Then the following table connects the names
given to the ares AY and Y 8 with the various names that may be
given to AB.

AD Q g A n AY Y 4
Equater § Noxth Pole | South Tole Vernnl Autunal | Right Ascons| Declinntion
Tauinex Tiquinox Blon
Heliptle Morth "ol | Houth Polo do. o, de.. do, Longlitwde Tatlinde
of <o, of do, .
o Ierizon [0 Zenith. - Nally Norih Point | Souih Point | Aslmuth Altitusla
o ' .| of lHorlzon of do.

- In the dingram of page 22 the dotted line which is partly in Lhe
north polar'map and partly at the top of the adjacent mops encloses
that pottion of the heuavens which is always visible at Gireenwich g
while the’ similarly dotted portion in the lower hemisphere cuts off that
part.which is hever visible at Greenwich,. The elevation of the pole
above the horizon is nlways equal to the geographical latitude of

the place of observation. Thus at Greenwich the angle made by the
lines drawn from the spectator to the pole and the point of the horizon
directly beneath it, or the nor th point, is about 513°.. - Hence no stax
will set, unless its distance from the pole, or north polal distance, be

ore than 514°." "Similarly no star will rise unless its distance from
_auth pole be more than ol—% '
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The name given to the projection of the sphere which we have
been descaibing, 1s the ynomonic prgpection Tt peculiatly adapled
for the construction of sun-thals, o1 gnomons. A il 14 made by
erccling any opaque object, and mailang ont the line along which the
edge of the shadow oughl to fall at every how of the day, so that,
by obscrving the shadow, the how of the day may be cbseived at the
same ime,  The opaque object has usually a rectilinem edge, which
thows & rectilinear shadow, 1evolving 10und the base of the object
wilh the sun, and the object 13 usually called the style of the dial

I[ the style do not point towards the pole, there must be a different dial
constincled {or every dilferent day of the year  Foi though thesunls
always on the sume how cucle at any one hour of the day, noon for
example, he1son different paits of that hows cucle at duleient noons,
i consequence of the motion to or fiom the equator, that 1s fiom o1
to the pole, which he has fiom his motion i the echiptic  Let O I he
ihe dnection of the avis of the heavens, and let the proposed dial be
hoizontal, the cucle A. B 1epresenting the spectator’s horizon  Then
A and B bewg the noith and south powts, AP B 1s the spectator’s
mendian, w some part of which the sun must be atnoon  If the sun
weie to move up and down the mic P B, the shadow of a style diawn
through O would change 1ts diieclion, unless that style weie in
the plane of the encle BP A TIn this case 1t will always ben
the duection O A, shortening o1 lenglhening, according as the sun
moves up or down, but always forming pait of the hine O A, Theie-
fore, in order that noon may be always denoted by one and the samo
direction of the shadow, the style must be 1n the plane of the mei
dian, or noon hour circle.  Sumilatly, in order that one o'clock ».M.
may be denoted by the same duection of the shadow, the style must
be somewhere 1n the one o'clock hour ciicle, and so on,  Therefore
the dial which se1ves for one day will not scrve for another, unless
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the style be placed m some line which passes thiough all the hour
cicles,  The only such line s the axis of the heavens, in the durec-
tton of which the style 1s therefore placed.

In the preceding figme we see the hout encles for 10 and 11
o'clock m the forenoon. The duections of the shadows of O al
those hows, on the hoitzontal dial, e the lines opposite to O 10 and
O 11, o1 those lmes contnmed backwards  The question theiclore
of constincting a sun-dial on a given plane, 15 1edoced to the follow-
ing  If the pomt where the style meets the dial be made the centie
of the globe, m what pomnts will the different hour cucles cut the
dul?  This question 15 very easily solved on such maps as those we
me descibing, because all the great cucles me tepiesented by
stimight Lines, and all the how encles are 1endily dhawn,  If then,
as . page [6, we diaw the secuon in which any plane passing
thiongh the centie cats the cube, and also lay down the pomts 1n
which the 1epresentations of the hour cucles cat that seclion, we
cant, by Joming the centie of the spheie and cube with these points,
and contnuing the seveial lmes through the centie, find the dnec-
tiong of the ghadows on that plane corresponding lo the vailous
howms of the day  This would not be the best practical method,
hat we have mentioned 1t as illustiative of the name given to the
projection in question,

In the map of page 8, we observed the disforfion, that 18, we
saw that lines which me of equal Jength on the globe, me notieprc-
sented by equal lengths on the map. On our present maps theie
15 some distertion, but not much, nnd that principaily at the edygoes
ond corners,  This may be scen by looking at the noith and south
polar maps, in which the distance hetween the encles of declinntion
evidently wnercases us we proceed fiom the pole, these circles heing
separated by equal aics on the sphere, Bul in our projection, a line
diawn fiom the centre of the map differs fom the aic which 1t 1e-
mesents by the same quantity, i whatever direction 1t may he dinwn ¢
that 13, the distoirtion of lines measured fiom Lhe centie, 18 the snme
1 all directions,  Thus in the north polar map, though Capelic, ov
the ntar, « m Aunigs and Deneb, or « m Cygaus, aie both faither
from the pole than they would be m the globa which lies m-~



LXPLANATION OF MAPS OF FUIE STARS 31

the cube formed by the maps, yet bemg both very nealy on
Same cirele of declination, they will both 1eceive the same 1n-
vse of theh polar distance  The following table will give an 1dea
e progiessive wciease of the distortion as we approach the coi-
Qf the map A globe 1s supposed of 10,000 inches 1adins, o
200 mches n diameter, The corresponding cube will, thetefore,
< amde of 20,000 imches A line 1rdiawn from the centie of the
E?> of the number of degiees marked in the fitst column, on the
©nd 15 the length of the globulm aic 1epresented by that linej on
thud s the 1eal length of that line on the map; while the fowth
25 the dfeience of the second and thud columns, o1 the dislotbion,
2 nemest nch s given, and fiactions of mches me 1ejected,

!
Mo of De |Longth on [Length on Dilfaence [No of De |Lingth oniLongth on[DIfference

grues the Globe | the ilup j prees  jthe Globe| the Map
5 873 876 ] a5 65100 7002 B3
10 1745 1763 18 40 6981 8301 1410
15 2618 2679 0l 45 7854 10000 2146

20 3491 3640 149 50 8727 | 1118 3191
2 4363 4663 300 55 6599 | 14281 4682
30 h236 5774 538 60 10172 | 17321 6849

Lnstead of supposing so0 laige a cube, we may imagine the hall
le of & map 1o be dvided nto ten thousand paits, and the preced-
2 table will then apply to that map, the umt bemg, not an mch,
tL the twenty-thousandth pmt of the whole sile of the map
INow if we suppose that in a crowded design, composed of objects
1 wlich the eye is nol much used to dwell, (wlich 1emark 15 1m-
»1 Lant, as what we bere say would not hold of & pictme of houses
scenery,) the eye would not well estimate the length of any line
ithi about is sixth pi, the precedng distortion is immaterial
2t1l it amounts to about the mxth pat of ench lne that is seen,
rom the abovo lable 1t appeats that a hne diawn om the centre of
re map, 1emesenling 40° contams 8391 paits, of which 1410 aie
ne lo distoition, Thelatter 15 sbout the sixth part of the former ;
@nce we may conclude that for 40° every way fiom the cenlie of the
rap, the latter1s » good 1epiesentalion of the corresponding pait of
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the globe, so far as simple appearances and linear distoition mensued
fiom the centie me conceined Indeed, in no pait of the map 1s
this distortion 5o considerable as to 1ender 1L & bad 1epresentation of
what is seen in the cotiesponding part of the heavens,

With 1egmd to angular distoition, there 18 none 1 lhines dinwn
fiom the centre of the map , that 15, 1f thiough the cenlic of the
map lines be diawn to two stais i it, the angle made by these lues is
the same as that made by the planes of the cneles which they repre-
sent  But two shiaight lines diawn thiough any other patl of the
map, make 1n some cases a smaller, 1n some cases a latger, angle
than the circles they 1epiesent, At the coiner of the map, the dif-
ference amounts 1o 30°; so that the cucles bounding the pat of a
globe which falls mto one of Lhe maps 1 the dingiam of page 19,
make an angle of [20° wheieas the lnes which epiesent them
make an angle of 90° or a 11ght angle

E

If we divide the half side of a map into ten parts, as n the pe-
ceding diagiam, and desenitbe the squates theie drawn, the nght
angles in the coiuers opposite 1o K. nemly repiesent the following
angles on & globe, the squaie called the flist being the smallest,

Fusl 905 Stxth 105° %
Second  02°4; Seventh  109° 3
Third 9408 ighth 113
Fourth  97%0 Ninth  116%%
Fifth  101°%% Tenth 1200

The angular distortion 1s therelore a much moie considernble de-
fect than the hnear distorlion treated above, and must be 1ecollected
und allowed for n finding the stars in the heavens, by means of our
projection.  For example, looking at the north polm map, 1t would
appear thal lwes drawn thiough the star  m Cygnus to ¢ m
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Diaco and 8 1n Cassiopera, are as nearly as possible at 1ight angles,
On the heavens, however, these lines will appear at an angle sen-
sibly greater than a nght angle.

We will close this chapter by a 1ematk on the geneial appearance
of the heavens, When we tuin the eyesiound, we cannot avoud the
rmpiession of bemg n the centie, we will not say exacily of a sphete,
but of a 10unded vault, compressed towaids the top  When, how-
ever, we look at & small pait of this vaalt, snch as can be taken
1 at o fixed glance, we see nothing but the appemiance of a flat
smface , which, by the common 1ules of perspective, should be 1epie-
sented by a pait of such a map as we have been descubing, the cen-
tre of which is v the pont to whih the eye 15 most ummediately
duected. The best pomts, theiefore, on which to begin the study of
the heavens from owm projection, so far ag hiacing 1esemblances 1s
conceined, are the centies of the different maps, o1 pomnls nea to
them  The following stais will be near enough to those points for
the puipose,

Noith Polar Map . DPole Star

Vernal Bquinox . . . v Pegast

Summer Solstice The Belt of Grion
Automnal Bqunox . . Spiea Vigins
Winter Solstice .« Ophicli
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CHAPTER IL

Wr shall now proceed to snch astronomical details as will enable
the reader to adapt the map {o the heavens at any hour of any day

In all that follows, we shall suppose the spectator situated at the
Observatory of Gieenwich, the astionomical capital of Bngland, as
well on account of the constant allusion made to that place in woiks
on the subject, s for the convemence of tefmence to the Nantical
Almanac, which 15 calculated for the mendian of Gheenwich The
geneial appesiances of the heavens (telescopes and ginduated m-
sttaments apurt) will be the same i all pats of the Unued King-
dom, with this exceplion, that a few low stais, which rise hut hitle
above the horizon at the Land’s End, will not be scen n the nos lhein
parts of the sland,  The utmosi dilference in the meridinn altitudes
of the snme star will be about eight degieas—about as much ag the
distance between the two lower stars of Charles’s TP ain (B and  of
Ursa Mujor) , and the utmost difference between the times of the
same star passing the meridian of the most ensterly and westeily
poinls of the Umted Kuwngdom, will be about forly-five minutos

The diarnal motion of the carth, which 1s fiom west to easl, or 10
the same ovder as the mgns of the zodiac, carries the meridian of
Greenwich with il The parl of this meudian which 15 on the notth
and south polar maps 1s, 23 aheady sthted, a stiaight line passing
through the pole, and which moves round the map 1 {he ducction
i which the degiees and homs a1e witlen al the cdges. The parts
of the mendin which Lie in the ecliptic maps are straight lines
perpendiculu to the equator, and the dwmly motion of the meridian
will therefore he reprosented on these maps by  stight lne mdving
parallel to atself and the sides of the cube, over four faces succey-
swvely, fiom night to left of ench  This will be mote clenily seen 1n
the figure ol page 20, and the daily course of the zemth of Green
wich 15 marked by the cirele 1w the noith pola map of the fignie
of page 22 The dilference between the method of using o com-
mon globe and our maps s ths: 1 the glohes, the meridian is
fixed, and the appearances of the dwrnal motion are represented
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by twning the globe under the merulian fiom easé to west ¢ m the
maps, it 18 the yeal motion of the mendian fiom awest to east
which 18 supposed o take place so that instead of talking of &
slaa comang wpon Ehe meridian, wo onght to speak of the mendian
arrwing at astar, o1 1f we speak of the sun o1 any planet which 18
1 motion, we shonld say that the mendian overtakes the planel

To supply somethmg analogous to the meiidian on & common
globe, believing that such illustialions nie always useful, we describe
the following appaiutog

a

Retwimng o the figme of page 20, lel Lwo pins project fiom the
poles I’ and p (not scen) The fiame | 23 4 hag its sides 12 and
34 a little longer than B D, but 13 and 24 equal to Dbov Ac
The interior sides 56 aud 78 are moveable 1 grooves cnt n 12 and
34, and meepelled fiom 13 and 24 Dby the spungs 1L and 12, by
which they would he diven ull they meet, weie no resistance -
teiposed  This Nwme 1s placed upon the cube, page 20, the pins
al P and p passing thiough holes at 9 and 10, so that when the
[rame 18 moved round mn the duection ABCD, the force of thoe
spungs nlways keops 56 and 78 close to the cabe  Thus 5678 will
always 1epiesent the meudian, 57 and 68 being on the noith and
south polar maps, and 56 and 78 on two oppostte ecliplic maps

The duy 1s a geneind term fou the complete time of revolution of
the meixhan hom any body, lxed or moveable, to the same body
again,  The days 1n common use among astionomers are the fol
lowing

1, The sidereal dny, o1 time of the earth’s revolution, so thal any
Jfiwed slox which was on the merndian nt the begimnng of tlus day, 18
again on the meridian at the end, Instead of dating fiom any put-
tieular stor, 1t is customary to begin fiom the time when the meudian
is on the egunoctial pownt of Axies, or the mtersection of the ecliptic

02

’
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with the equator, marked o0, and from thence to count, not two
periods of 12 hours, but one only of 24 hours. Thus p. 20, when
the meridian is within 15° of en, it is 23 howrs sidereal time ; when
the meridian has passed the equinactial point wa, by 15", it is one
hour sidereal time.

2. The real solar day. In tlus case the sun is the body from which
the day derives its name, the latter being the period elapsed between
two successive times when the meridian overtakes the sun’s centre,
or two real noons, Tt begins when the meridian passes through the
sun, and is a litile longer than the sidereal day, becanse since the
sun is also slowly moving forward at about the 365th past of the
rate at which the meridian moves, the latter must not only com-
plete the cirenit of the heavens, but must also overlake the sun.

The renl solar days are not precisely equal in length all the year
round ; for the daily motion of the sun is not the same throughout
the year, being more than 61/ of longitude at the beginning of tho
year, when it is greatest, and less than 58 at the beginning of June,
when it is least,

8. The mean solar duy. To avoid the inequalily above alluded
lo, a fictitious sun has been supposed to move, not in the ecliptic,
but in the equator, which setting out with the real sun, when the
latter is at °, proceeds uniformly along the equator so ns to mrive
again at o when the real sun is there again, The meun solar day
is the interval between two snccessive passages of the meridian over
this fictitious body, and is longer than the sidereal day for the same
renson as before, The difference of the two may be ensily caleu
lated,  Itis found that the year (or revolution of the sun) is 3651
mean solar days, and there must bo obe more sidereal revolution -
in tlmt time than there are mean solar days, because in tarning
the sidereal into solar revolutions, there must be one whole revolu-
tion of the former broken up and wasted, so to speak, in ‘making up
the daily differences between the solar and sidereal vevolution.
A mare familiar illustration may be found in the hands of o watch,
If we call’ the complete rotation of the minute hand an hour, as
usunl and the time between two con]unctlons of the minute and hour
hzmd by any other name, say a period, then twelve hours will be ng
long as eleven periods; and in that time, one hour will, allmetht'r,
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Le employed by the minute hand in making up the differences be-
tween hours and perods,  Consequently, g peiod exceeds an how
by the eleventh pait of an howm  Apply the same principle, and
divide & mean sola day, o1 24 hows, v 6. 1440 minutes, by 365, we
have a litle less than 4 mean sola mmutes fai the excess of the
mean solu aboyve the mderenl day, More conectly—

Mean solm day = 24 3 56, 6 sidereal time

Siuleieal day = 234 56™ 45 1 menn solat tune.

The distinction of day and might 15 unknown 10 astionomical
1eckomng, The mean solai day begins when the mendian oyertales
the fictilious sun 1 the eruatol, which moment 15 0% 0® 0 mcan
solnt time  The civil and astionomienl 1eckonings then agiee till
midmght, which is 12% m both, but one o'clock the succeeding
moinng (ewil 1eckoning), 1s 13" mean solar tune (astionomical
1eckoning), eight 1n the moining 15 204 astionomical reckomng,
Consequently, six o'clock on Sunday moining, 15 18" of the day

which commenced on Satwiday at noon. The following examples
will illustinte this —

Civil Rechoning Ashonomial Reckoning
May 1, noon May 1,  0h (= Qs
Sept. 17, G a.m, Sept, 16, 18" (= Qs
Jan, I, 1l aar Dec 31, 230 Qm (s
Aug, 12, 9 p.m. Aug 12, On (OO

"The canse of the difference between the mean and 1eal sola day
18 two-fold . fust, the 1eal sun moves uieguiatly, which the fictitions
sun 1s not supposed to do, secondly, the 1eal sun moves i the
eclipbie, and the fictitious sun 1 the equator. ven 1f the 1eal sun
moved uniformly 1 the ecliptic, the meridian would not be on the
1enl and fichitions sun at the same time, as will be evident on look-
g, {01 example, at the vernal equinos map, Supposc the 1eal and
ficlitous suns each to have mosved thiough 30°, m which case the
former will be ab g on the ecliptic, and the latter at 30° on the
equator 3 but the meihan must move though moie than two de-
giecs from the latter before 1t overtakes (o1 falls under) the loimer.
The equation of Lime s the quanuty of mean solar time 10 which
the mendian moves from the 1eal to the fichitious, oo fiom the fictt-
tious to the 1eal sun, according to which 15 the foremost 1t 1s
given for every day at noon in the Nantical Almannc, It may,

Ll
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howeve, ba observed, that the dilference between the two is ruely
8o gieat as to he of importance in questions for which these maps
may be made useful,

We proceed now Lo the actua] employment of the maps,

The following table will show at a glance m what map to look for
any point whose 11ght ascension and declination are given,

Opposite to each map is the whole 1ange of 1zht ascension con-
tmned 1 1, the numernls sigmifymg degiees, the Roman figmes
hows, and undeineath, mn o line marked < Lumt of Declination,” 1s
the gieatest dechination which must be looked fo1 m the hom cucles
wheie nght ascensions me above All pomts having higher de-
chuntions, must he sought in the north o sonth polay maps, nc-
cording as the declination 1s novth er south  For mslance, 10 whal
map 1s the star whose tight ascension 15 16% 6™, and dechination
44° 19 south ?  Recollect that 20 munufes of nght ascension 1 O
degiees, We ind LG 1n the winter selstice map, and under 17"
(the nearest to L6" 56™) we find Jd4° O/, as the imit of declinalion,
We must, theiefore, look for the st m the south polay map, If
the declination be upwaids of 45° noith o1 south, the slay 1s cor-
tamnly 1 the covtesponding polar map

The method of layng down a star ou planet, when 1ts 1ght ascen-
sion and declination me known, haidly nceds explanation, Il the
dechination he so gieal, thal the star must be 1 oneg of the polm
maps, look fou the ught ascension on the edge of the map, and
having found it, proceed along the stiaight line diawn fiom the pmi(
of the edge just found, until you come to the encle of declination of
the star, which may he found by loocking at the dingonals of the
square, on which the declinations me marked, IF the star be on
one of the echptic maps, the right ascension must he Jooked for on
the equator, or on the upper o1 lower edge, and ihe declinalion on
either side,

The positions of the sun, moon, and planets, for every day m the
year, may he found i the  Nautical Almanae,” which work will he
necessay to all who make much use of the maps  Ofthe sun, the lon-
gitude only need be fonnd, which must be looked for on the ccliptic,
The places of the planets may be taken fiom the sume woil, either
ag seen fiom the earth, or from the sun  For the first, the geocen-
tric right ascensions and declinations must be taken s for the second,
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the heliocentiic, The otbit of any planet may be found with sufli-
cient nemness by laymg down two postions of the planet 1w the
same map, and diawmg a hne through the two,  This may be con-
tinued on the other maps by the methods explamed n p, 15 and 10,

The Lime at which any part of the heavens comes on the mendinn
at Greenwich, may be found fiom the same work by means of the
column headed ** mean tme of Lansit of the fiist pont of Anes”
(page 22 of each month). To the time at which the equmon passes
the mendian, as thus found, add the ght ascension of a star m
time, and the 1esult will be (conectly enough) the time of transit of
thatstm  But if the sum exceed twenty-four hours, subiract twenty-
four hows, and the iemamder 15 the time of tiansit, The day be-
gius fiom noon, as explamned m page 37,

For ascettaning phenomena with o less degiee of precision, hal
sufficient for the purposes of amusemenlt o1 elementmy wstiuciion,
the following table will be sufficient, in which the sun’s longitude at
noon 15 given foi every {en days within a quatter of adegiee, and tho
1ght ascension within a minnle

Longutude and Rught Ascension of the Sun at Noon,

Deg Qu [ Heg Mns Deg Qu | Hrs Mns

dJan, | 280 3 ;18 46 | July 10| 147 3 717

11]et0 319 30 204117 1 7 87

211301 020 13 30 | 126 3 8 37

381l 1|20 65 Aung, 9] 136 1 g 16

Fab, 10 1321 1% 35 191146 © g 063

20 {331 2192 14 901 1556 2§10 30

March 2 {311 2] 22 52 Sept 8165 1|11 &

12 1381 2|23 2% 18175 011 42

22 1 2 ¢ 5 28 1181 312 18

Apnl 1 11 1 0 41 ] Oct 81194 3|12 o4

11 21 0 1 18 181204 3 (18 M

21 a0 1 5% 28 1211 214 O

May 1§ 40 2] 2 83| Nov, 7221 3|11 49

11 60 1 3 n 17 [ 23 8|15 99

21| 6o 0| 3 51 27 |44 8|16 11

31 69 2 4 31 [Dee, 7|25 0|16 b5

June 10 79 0 5 12 17 265 1§17 430

: 20 88 2 5 B4 27 (276 1{18 23
- S0 98 1| 6 3
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The degrees of longitude are lmd down on the echptic, and thus we
may find the position of the meirlian at voon, and, what 15 of mole
mnportance for om present purpose, at mudmght, for half a degee
added to the sun's longitude at noon, will give the longitude at mid-
night aufﬁc:ently near , and 180° added to the longitade, o sub-
fincted fom 1t 1f 1t be gleater than L180°, will give the longitude of
that pomt of the echptic which is opposite to the sun at mumght, o
wineh 1s then visible Llaving found this point, take notice what con-
sprcuons stars aie on, 01 neaily on, the mendian

The degiees on the ecliptic are counted by ¢hi fies, each 30° bemg
a sign of the sodine  The following table shows the degiee of longt-
tude at the beginning of each sign, and the symbol by which 1t 1s
denoted, The astionomical sign must not he confounded with the
congfelludion, fou a1eason which we shall alterwards see.

A“hg’f"t';::';f'l noma Symhiol Dﬁgriﬁcnfcgrg:ﬁmgf M:‘;:I;r:&mﬁgh E}e ‘e

g ment of the alyn sigu I3 to be found
Ates Y 0 Veinal Equinox
Taurus 8 a0 " ”
Gemnu jut 60 Summel Solstice
Cancer o5 80 » "
Yo & 120 (1] )
Virgo n 150 Autumnal Equinox
Tana = 180 » "
Seorpio m 210 " "
Sagiilaius # 240 Winter Solstice
Capricornus Vi R70 " "
Aquarius s 300 " 1
Piscrs X 330 Veinal Equinox

TFor enample, 1equited the state of the heavens at mudmght, on
the 1st of Jannwary, The sun’s longitude 1s half n degiee more than
2803°, or 2814° Subbiacting 180° fiom this, we have 1011° the
longiluda of the pont of the ecliptic, which 1s on the wisible pait of
ihe mendian at midmght,  This pent s 11}° past the fist point
of Cance, muked «5 n the summer solstice map, TFinding this
poinl, we see that the visible pail of the menidum towards the south,
has at mdnight, Januay Lst, a littie more than 102° of 1ight ascen-
ston, o1 1h the more common phiaseology, the hout-circle of 102
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is neasly on the mendian, The constellations Cams Major and
Gemum aie on i, and the bught star of the foimei, Swins, has
been passed by the mevdian, or has appeated to cross the mendian
about ten minutes before midmght, Ouon 18 1o the westwaid, the
belt havmg passed the mendian al wbout & qumter to eleven
o'clock, Pollug, one of the pringipal stars in Gemmnu, will be
overtaken by the merwdian, or will appemt to cross it, in about 50
minutes, Looking to the notth polm map, in which the continua~
tion of the mevidian 1s a line nealy close to the 1adios diawn fiom
102° to the pole, we hund Lynx and Camelopaidus on the mei-
dian, but no remmikable star  The Greal Beat 15 n the east, and
Cassiopea wn the west  Verylow down, between the noith and noyth-
west, 15 the bright star 1n Cygnus, while low m the noith we the
stars 1 the head of the Diagon  If we want the position of the hen-
vens at eight o’clock the same evening, o1 foun howrs belore mudnight,
we must put the mendian back fow times 15°, o1 60°, which gives 1t
a litle mare than 42° of 1ight ascension  Place the vernal equinox
and snmmer solstice maps side by side, the former on the 1ight, and
look at the how-cincle of 42° We see the bught star Menka,
w the whale, jusi coming on the meiwdian, the head of Ailes passes
about fifty minutes before eight, and the Pleiades will pass aboul
mue, P M.

Looking at the noith polar map, we find Algol in the head of
Medusa just post the mendian, where Capella will be in two hows,
and Andromeda was two howms ago  The Gieat Bear has passed
the merndian below, or on the north side of, the pole, rbout thiee hows

The visible pait of the mendian 15 delermined m the noithein
hemispheie as follows, Measwie fiom the pole, on the north side,
the latitude of the place, which gives the noithern point of the hon-
zon , measwa from the aquator towsdrds the south, the angle by
which the latitude of the place {ulls short of 80° which gives the
south pomt of the horzon,

' Resuming the first of the preceding examples, the latitude of
Gireenwich bewng 513", we find the bnght stm & 1 Lyia, very newly
at the north point of the horizon at midmght, Jenuary L. AL or
near the south pomt of the howzon, theie 18 no 1emarkable slay,
but s Canis Minar 15 about 10° above 1it,



TXPLANATION OF MAPA O1 THE STARS. 43

The whole heayvens may be divided mto three portions, withaegard
to any place of observation* 1, a poition which 15 never below
the hoiizon; 2, a portion which never uises above the horison
3, a poruon which 11ses and sets

Swnce the pole 18 always elevaled above the hovizon by an aic
equal to the latitude of the place, o small cnele diawn tound the
pole, and distant, from 1t at eveiy powt, by the lattude of the place,
will contain the circumpolar polar of the heayvens, as 1t s called,
which 1s visible thionghout the whole of the twenty-fows homs  All
stars contated wthis are called curcwmpolar stms  Similaily, simee
the other pole (that 15 1n omr hemispheie, the south pole) 15 de-
pressed below the hoiizon by an ate, equal to the lautnde of the
place, acucle equal to the former diawn 1ound thesouth pole coutains
a pail of the heavens which never 11588, equal in magmtode to that
which never sets, The 1ule, in the notthern hemispheie, o1 deter-
miing whether astar fulls in either of these portions, 1s 3—1 the de-
clination of the stmx be greater than the complement® of the lati-
inde of the place, (for Gieenwich this 15 38° 31, the latitude being
017 290} it never seis i the declination be noith, o1 never nisesf
the declation be south

The remamng paut of the spheie, contaiming every pomnt which
has less dechnation (novth o1 south) than the complement of tho
lniitude of the place, 115es and sets alternately,

Looking at our maps, we find that the cucumpolm poition at
Gieenwich meludes the whole of the north polm map, with the ex-
ception of veiy small segments at the cornas, contammng no laige
star, Tt also mcludes four small portions of the echplic maps, as
pieviously deseitbed 1 page 28, Also, the porlion which naver
ises nl Greenwich contans the whole of the south polar map, the
coineis only excepted, and fom sumlar southetn poilions of the
ecliptic maps,

Oui maps (and indeed nll otheis) e very 1l surled to determine
the actusl time of using or setling of any star, The best mstru
ment for this pwipose, 18 a planisphere heteafter to he noticed, while

* The complement 3 what remuns after subfeneting an are from 90° Thus 80°1s
tho complement of 60°
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the correct method of ascertaiming any such point must be left for
those who ale acquamted with sphetical tigonometty  We gne
here a1ough table of the times at which some of the most 1eman it~
able stais, visible at Gieenwich, come upon the meywhian of that

place, for the fust day of every month,

Whete the star 1s
cucumpolar, the meundian passage chosen 1s that south of the
pole. A few stars of inferior magmtudes ae added in the case
wheie o temaikable constellation has no star of the st magmtude,

[‘el:ﬁ"“‘:l‘:“zs”“ Name Jon | Teb  [Mareh | Ape) | Moy | June | July [August
# Cassiopaim 5 | 49 PAIRAOE ST I £ N L
& Auglhs 7} 54 3 g |« 9y |+ 73| 6}
« Cela Menker 8} 6} 1} 23| 121 | *10f | = 8] 1 = 0}
& Puser sy | o6y | 4| 24| 128 | ™oy | %8y | * o4
o« Taun Atdibnran 9] i 5 3 [ 13 (™ig | ~of|xrd
« Aungm  Capella 104 8} 61 4} 2k | 12} | w10} | * B}
« Oriowms  Belelgenw n 9 H 8 3 1 ]#1L | =9

¢ Camsg May, Sirws *12 10 8 6 4 2 12 | =10

& Cams 3in Procyon *123 | 10§ 83 (] 43 24 1 124 | *10§
£ Gumngrum Pollux %123 7 10% g 7 5 8 1 | *il

allydre  CorIlydre |* 2y | ™24 1 103| 831 63| 43 231 123
e Leos Regulus *3F1 ¥ 13 9% 7% 5 31 11
o Ursto My, Dubhe vap=op|wey| 104 sp| 63} 43| 23
o Vieguns  Sprea Virgimas| * 63 | * 44 | » 23 | 128 | 103 By iF) 4%
« Bootis Arcturus BTEIRAL (35 ¢ 1) 113 A 73 by
« Serpentis *BRE*GY %5 | *x3 [*1] 1 2 7

e Seorpn  Aniaves *OL| KRGy kA3 (w82 (% 1g| 1§ it ks
« Ophunelit  Ras Alkagus | #10§ [ * 83 | * 63 [ % 1§ | * 29 | *324 | 104 83
» Pracoms MLy R0 | ¢ 73 [ » Sp % 3 | 0py 11 9%
aLyie  Pega *g | *op (e |wog{*spl*ig| ngl op
aAquis  Atwr 1 [*L j*0)|*7 [*s (%3 1*1 11

& Cygni Deneh 18| *113 %10 [*g i%6 [ *4 [ *2 [*g

u Cepher  Alderanan 2 ¢ 124 | *103 ) F 85 | 2 B | *4h | v 2)| M2
& Aquarn 1 I[N A 0byrAr)FObL [ a1 |+ 1]

= Piscis Aust, Fomalhaut 4 2 1234 v0f | *BF]F G| xaf|® 2L
& Pepusy Markal 43 2p )2} | xl0pfesp [ 6| x4y ey
« Andromedm dipheratz Ak [ 84 T p #1010 [*7p | % 84| *3)
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Let:f::ll“;{;lo,?m Name Sept Qct Noy Dee l‘rl‘r;(laigntw:ﬁg I’l?ll::";'m?g t}:f
::?:\:;:l‘i%ntlo the | whichitrisce

« Cassiopoim * 13| 11% 0% 71 — —

& Artel * 1| 11t 84 81 NELE

« Celr Menlm 411 % 21 1 *M12L ) 10% 64 L,

a Pelsn * g 2h 2124 103 —_ —

« Toun Aldebavan * 53] *33(*19 1 1f 7% LN®

2 Anvgn  Capulla LT I N R R (0 — —

a Oviomis  Hetelyeua #7 [*5 %38 %1 64 &N

e Cunig May Huug "B p*g (vd |2 43 SE,

& Unwg M Piocyon -3 S A T S L N ) i3 EN

£ Gommorum Poliux L A L& N 9 NEIN,

¢ ydie Cor Hydrm *104 | % 83 | v 0y | * 4} bk Las

« Teoms Regulug L YR I T A (o5 7% LN 1,

& Ursm Moy Dubhe 124 | *10% | » 8L | * 6} — - .

a Virguny  Splen Viegos | 2% [ 123 | #104 | * 8} 33 L8

« Boohg Arctitruy 3% 15| 11 [ 0% 7% NLbI,

u Sorpenlig 4% 3 12% | *11 iy EdN,

«Beopi Antas 5y | 83| 13|+ 33 5T

e Opluncly  Has Athogus (i} 1% 2% | 12} 7} ENE

o Dracoms F s 6t 3} 1% — —

a Lyrm Fega 7% bl 8% 14 - —

o Aqule  Atfar 9 7 b 3 63 EbN,

& Cypm Denelr 93 8 0} 4 —_- —

« Cepher  Alderonnn 10% 8 G} 4] - —

« Aquaru A P 94 7} 5} 6 i

& Pisews Aust, Fomalhout w12 10} 8 6t 2% SEHS,

o Pegast Markah 2% | 104 8} 64 71 ENE

o Andromedm Apheratz *13 | 114 o4 7} 8% NI

The fnst column contams the vsnal method of namng the star,
by 1ts constelintion and letter  The sccond contams the peculim
name of the star, wheie it has one, but when the name 1s seldom
if ever used, 1t 1s put in italics: thus « Lyvee 1s hardly ever called
Vega, while 2 Cams Majons 1s usually ealled Suius,  The sueceed-
ing twelve columns show, within abput & quartes of an hour, the
times when the various stars will be on the mendian of Gieenwich
on the fivst day of the vaiious months of the year, The asteink
denotes midnight ov affer midnight, the figure without asterishs
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noon or gfternoon  Thus (*12) is midnight, and (12) 15 noon ;
(*2%) 15 o quater to three in the mormng, (24) the same i the
aftetnoon; (¥10) is ten m the mornming, (10) ten 1n the evening.
The last column but one shows the mterval of time between the
star's rising and conung on the meundian, o1 hetween the latter
and 1ts setting; and the last column shows near which point of the
compass 1t 11ses 3 while the substitution of W. for I, thioughoul
will show the same for the setting  Wheie the lasi two columns
aic vacant, the stat 1s cneumpolai, that 1s, not sufliciently distant
from the pole to rise or set

For mstance, we wish to know the position of the constellation
Ouon on the lst of Mach  Opposite to & Ononis, and under
March, we find (7}), or this star comes on the menidhan at about a
quatter past seven 1n the evening, In the last column but one, we
see 64, o1 the st has 11sen six hours and a halt befoie 1t comes on
the mendian, and will set six homs and a half after coming to the
mevidian,  That 1s, 1t 108e at about a quarter to one, v, and will
sét at about a quaiter to two, A1, It 11ses east by noith, and sels
west by north #

To correct the pieceding table for the intermedule days, abnio n
guarter of an hour for every four days fiom the fust of the month.
Thus on the 18th of December, teventeen days fiom the fist, the
stais will be on Lhe merdian about an hour emilisr than the time
maked m the table for the first. Thus the leminer may judge in
what part of the heavens to lock fo1 any 1emaikable constellation
at any time of the year; and may find the smallet stms by moie
pmticular comparison of the map with the portion of the heavens so
found

The most teful problem for which our maps offer no great facili~
ties, 1s the Bnding of the distance between two stas  But when

* Very few persons (exceptscamen) have dastmcs idens upon the meanmyg of tho moro
complicatid pomis of the compass, The fullowing two rules ambrace all the cases,
‘When fhe letters indieating two points are joined togethor, the point which 18 hall way
betwean the two a8 meant+ thus N 1B 18 holf way Lotween nosth and easty and N N 1.
{s half woy between vorth ond noxth-east  When the leftors of two pomts ara joned
together with the antermedinte word by, or the letter &, 1i means the point wineh comen

nest afior the first, i goang towards the second  thus, N4, is the pomt which foe

Yows north towards the east; S48, 1 the next point to south easf, looking towardy
e gouth
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the 11ght ascensions and dechinations of the stars me known, a
simple geometiical constiuction will overcome the difficulty, which
we 1nsert mote 1eadily, as the same may also be applied to the find-
ing of the distance between two given places on the eaith’s so)face
Of the two methods which we now give, the fitst 1s the constine-
tion of o problem 1n spherical tugonometiy, 1s independent of the
map, and 18 meant to be applied when the stms the distance of which
18 Lo be measured, lie upon different maps. 1t 1s taken fiom Su
Jonas Mooie’s system of mathemalics, and r1equnes only a scale or
table of choids, ‘The second method 15 conventently applied when
the stais aie upon the same map, and 1equues only a scale of equal
paits
To find the distance between two stais, proceed as follows —
1. Find the nght ascensions and dechinations of the stais
Case Furst Case Second,
1st stm R A, 358° Dec 573°N. lststwn RA 941° Dec 16° N
2d st RoAL3073° Dec, 443° N, 2dstm R A 344° Dec 305° S,
2 ‘Take the difference of the 11ighl ascensions ; ouif this difference
be greater than 180°, subtiact 1t from 360°% and take the remainden
Call this A,
A = 504° A= 110§°
3. If the dechinations be both north, o1 both south, subtiact bolh
fiom 90°; 1f one be notth and the other south, add either to 90° and
sublinct the olher from 90°.  Call the 1esults B and C,
B =32y B =106°
C =45} C= b9}
4, Take o circle whose 1adius 1s the chord of 60° and fiom the
centte O diaw any 1adius O X

-
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X

- B, Set off XY with the chord either of Bor C, and Y D, Y I/
with the chord of the other, '

6. Set off DS, D &, with the chord of A,

7. Daw OD, DD, SH.

8. From M the intersection of O D and 8 &', draw M P perpendi-
dicular upon D D' from I? draw PQ perpendicular upon O X or
O X produced, and produce P Q to meet the circle in IR,

" 9, Measure X R with the compasses, and find the angle of which
it is the chord; that angle is the distance of the stars required,

The enswer in the first case is 333°, and in the second L154°

To apply this tofinding the distance hetween two places on Lhe
earth, use longitudes instead of right ascensions, latitudes ibstend of
declinations, but tale the .difference of longitudes for A, only when
both are east or both west, and their sum when one is east and the

other west, In all other respects, the rules are precisely the sume..

When the angular distance is found, allow 70 miles to a degree, and
subtract from the result, its hundreth part, which will be sufliciently
exact, - _ '

The second method of finding the angular distunce of two stars
is as [ollows 1 —

A ' o
' ] — a
51 .
4

,
. K ;
. Y
b
i 2 4
rf

B 18 N O P
Let P.and Q be the stars, K the centre of the map, and DV a hall-

A

e
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side. Set off D p, D g, respectively equal to K P and KQ, and
draw Vp, Vg OnPQ, oronalne MN, equal to PQ, constiuct
a trangle, of which the iemamung sides R M, R N, aie 1espectively
equal to Vp, V¢  Then the angle at R1s the angular distance of
the stass P and Q on the globe

If the side of the map be constdered too lmge a scale, any con-

yvement length may be taken to 1eptesent an wnch, and a scale of
equal parts may be used



CHAPTER 11T

We now ptoceed to some histonenl and cutical account of the gno-
monie projechion,

1t hes heen usual to distingmsh maps of the stms fiom those of the
earth, by the name of plamspheres , 01 1epresentations of the sphere
upon o plane  This name s 1ejecied becanse hoth species equally
menit the latter title,  The fiist plamspheres of which we have any
distinet zccount aie those of Ptolemy, o1 1ather of Ihppaichus ancd
Ptolemy It appess that the former knew the stercographac pro-
Jeckion, w which the eye 1s placed at a pomt of the sphete, and the
plane of pigjection is peipendicular to the diwmeter which passes
through the eye. Ilipparchus 15 saul, by constiucting such a pro-
jection, and Jaying down sixteen puncipal stms, to have provided an
mstioment for deteimuning the hour of the might,  But Piolemy 1s
the fiist witer on the stereographic projection, whose woilk has come
down to usg, notindeed in Gieek, but enly by an Alabic veision,
which Iatter was rendered into Latm by Commandine,

The distinguishing properties of the stereogiaplic projection are,
1. that every cncle of the spheie, gieat and small, 1s 1epresented by
acircle, 2 that the angle made by the projections of iwo citcles
which 1nleisect, 15 the same as thal made by the cncles themselves.,
But neither appeai to have been known cither {o Elippmchus o1
Ptolemy, except, the fitst properly i the case of gieat eucles, which
i3 the moie cunous, as 1in the come seetions of Apollomwus, pub-
lished long before the time of the latter, a proposition 15 given which
very nemly amounts to the same thing as the fitst-mentioned pro-
perty. The first who distietly annonnced 1t for every encle was
Jordanus, 1n a lieatise on the plamspheie, wittien at the beginning
of the thirteenth century, but not published till 1507. The oldest
known demonstration of the second pioperty 18 m Leadbellor’s
Astronomy, London, 1728,

For the projection of a whole hemisphere, the stereographic hag

o
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some considerable advantages, bul notso for smaller porlions of
the spheie At and near the pomt opposite to the eye tt is nemly
the same as lhe gromome projection, but farther fiom the centie
of the map the distoation becomes consideinble, For common use
in the finding of stars, 1018 altogether inadmissible, since stais which
lie on the snme line, or neaily so, in the appaieni heavens, ae
placed m a cucle n the stereogiaphic map, to which cucle the eye
has no gude, Foi example, 1t 15 seen m ow summer solstice map,
that Frocyon, Rigel, and v Endam aie nealy m a line with each
other, ns ae also & Columbee, Suws, and Piocyon. Neither of
these would be suspecled, on looking al a stereogiaphic projection
Thers 15, however, one very useful application of the steicogia-
phic pojection, (as of all otheis which suppose the eye Lo be n the
axs, and the plane of mojection parallel to the equator,) which we
nolice because it is most effective in the pomt where our maps me
weakest; namely, m laymyg down the vaulous positions of the
honzon, I a common globe be 1eclified for the latitude of any
place, 1t 18 then mdilferent whether we suppose the globe fastened
{o the axis, and twmining with 1, while the hoiizon 1emamns fixed,
or whether we suppose the houzon to be attached io the anis,
which tuins 1t the contimy way, whila the globe 1emams fixed,
If we lay this down on a stereographie projection, of which the place
of the cye 1s the sonth pole of the axis, the hotizon will continue
thioughout its whole motion {0 be represented by the same cucle,
mowving 1 the plane of the equaior, 10und o pont, the position of
which «lepends upon the latilude of the place, being nearer the cir-
cumference the less is the labitude, This was applied by Apian*
m his Cosmographia, to o plamsphere for geographical purposes,
and by the late Di Wollnstond to a siulay one for the henvens,
By it can be found immediately the stms vistble al the place for
any hour of any day m the yeas, together with the position on the
visible hemisphere oceapied by cach, asalso the time of nsng,

* Tm a shoit aceount of whom, seo Penny Cyolopedia

+ Posmbly the Usus Ash onomrcns, 8¢y of Bartaehg, publivhed 1 1661, may have pre-
viously contained the same (hang  Soe Linlunde, Debiogs aplae dsti onomiyuee, pago 240
The same may Lo saud of the plumsphere of Stampioon, whih hnd & moveable hoizon,

See page 311,
E 2
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setting, and coming on the metidian of each, to willn about five
minutes*

The remaimng projection which was known to Ptolemy, 1s that
now known by the name of oithogiaphic, called by him ihe
Analemma, and descibed 1n his woik of that name, which has
descended to us in a Latin tianslanon  Lis punciple 1s ot 3¢+
ducible to thai of a pctuie, unless we suppose Lhe eye placed ab
an infinite distance, It may be moie eavly concewved as follows,
Let the hemispheie to he projected be placed with 1ts enculaw base
honsontal, the place of cach star is the point of the giound-plane
which 15 duectly under the star  The distorlion of this projection 15
vety considerable towaids the edges, and all cucles arerepresented
by ellipses, except those which are parallel to the plane of projection,
It has howeves, Iike all other prgjections, 1ts own peculiar advan-
tages ; one of which 15, that, supposing the plane of projection to be
the equator, a sta1 1s very easily laid down, when its 11ght ascension
and ¢dlechnation me given,

Delambie] attnbutes to Ptolemy o knowledge of the gnomonie
projection, which he appems (o us to nfur from very shight premises.
We do not know that he laid down any map of the heavens which
supposed the eye to be at the centie of the spheie

The fitst modein work on the spheie which enjoyed any consider-
able 1epulabion, was that of John de Sucro Bosco, or Sacio Busto,
an Eunglishman, piobably, fiom his name, either called Lolywood or
Halifux, o1 else boin at one of those places  1Te studied, [ust al
Oxlo1d, aftetwards at Paris, and died m 1256, leaving behind lim a
Latin tieatise on the spheie, which for moie than thiee hundied
yewms continued to be the puncipal one in use. Deing witten 1
Latin, it was as well known on the continent as n Lngland, and
probably much better, for among the many commentators en the
aforesmid wok, there 15 not. the name of any Linglishman of nole.

The first work which we can find, professing to tieat of the
sphere, and wiitten 1n English, is the « Castle of Knowledge,” by

* By moch the best plamsphera of this kimd whieh we have found » 18 that conslrucled
by Messrs Smuh and Son, 172, Strand, It 1s, of course, adapted o Graemieh, bug will

ot be vory wrong, and may bo easly coneeted, for any pail of Jngland,
t Tlist Ast, Anc, vol, L, p. 486,
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Robeit Recorde, physician, best known as the first introducel of
algebia mto this country It was published 1 1656, and dedicated
1n English to Queen May, and n Latin to Cudinal Pole  Ttis an
unfavourable specimen both of typogiaphy, umifoimity of spelling,
and accuacy of teasonmg, bul contains much cuous nformation
on Lhe then exwting notions of astronomy,* It does not iefer to
any Boglish woilt on the subject, but only to Sacio Bosco and
forcign commentators, It does not contam any chstinct account of
cither piojection, but the oithogiaphic projection 1s employed n the
figuies,

In 1590, Thomas Food published ¢ The Use of the Celestial Globe
m Plano, set foith in two Tlemispheses,” the fitst work 1 Enghish,
which sppears w the Bibliogi aphie Asti onomique of Lalande, and of
which he 1emaks, I’ Astionomie commencait & peicer en Angle-
terse.” This wolk consisted of a very meagie acconnt of the stereo-
graphic pojection, together with an explanation of the mythological
consiellations, embellished with some swmses § of Lhe anthor

The fiist work on the gnomonic pojection appemied at Rome
m 1512, with the following title —

s¢ Prospectiva nova Ceelestis, seu Tabule peculimies ad Asterismos
m Plano delineandos, auclore R P, Chrnistophoro GGRiENpLRGER,
Soc. Jesu.”

The aothor was born, according to Lalande, in 1561, at Iulle
m the Tyiol, and died at Rome, 10 1636 Another edition appeaied
1679, edited by II. A, Langenmantel, a Benedictme canon,
which 15 m the Brish Museam, It consisis puncipally of tables
for Inying down the vatious consicllations i this projection.

In 1674, folio maps, similar to those of which this work tieals,
appemed al Pails, under the following title —

% 0 1s staled 1 thiy work, but no wheie clso ihnf we hiave found, that the nitky way
wan autiestly ealled # Wathng Sticet,! and the seven stars of Ursa Major, # ihe brood
hen

+ ‘Wao quote the followang, as pmt of one of our old ¥ Eaplanations of Maps of tho Stays "

& Schotar T marvell why, seemy she (Urse Blajor) haih the forme of o beaiey her
tale should be go long.

o Aavter, Tmoging that Jupter, fearmg to come tea mgh unio her teeth, layde holdo
on hier tayle, and thorelby diwe her vp i the heaven, so that shee of her sulfe bemg
viry weighie, and (e hstanco from the cnth fo 1he hemens vy great, thers was griat
Jlcelibont that ot tnile must strlch  Othes 1enson know I none,”
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¢ GHobt Ceelestis 1n Tabulas Planas 1eductt Descuiptio, auctora
P Ignatio Gastone Panmirs, Soc. Jesu Mathematico, opus post-
humum.”

Thess were 8ix mups, 1epresenting the srx pdes of  cnba circum-
scmbed about the sphere, s described i the first Chapter of tls
treahise,

There weia ong on iwo other editions  The figt 18 in the Bitsh
Museum, and piesents six maps corvresponding to those on which
this woik treats, and w paiticular we must nobice that the figuies
of the constellnbions are turned with then backs towards the spee-
tator, in the manner 1epiasented 1 owy plates, though the maps
represent the interior of the globe, On this point we shall presently
speak

In the cowse of mathemntics projacted by Su Jonas Moore, for
the Mathemntical School at Chnst’s Hospitel, and published after
hig death in 1681, he hos placad, at the end of the Cosmogiaphy,
six maps rednced fiom those of Fathel Paidies, bat 1n othel 1espects
o perfect copy of them Thes¢ are, ug fax ag we know, the only
meps of the kind yet published 1 Lngland,  Another projection of
the same species, liut which does not appear to have been copied, 18
o be found m the Atlas of Doppelmaier, published at Nurembuig,
in 1742 The constellations are arranged 1n the same manner with
regard to fronte and boaks,

We now gome to the reasons which have recommended the
adoption of the gnomonwy piojection, n preference to any othi.
Generally speaking, the practical astionomer has no need of maps,
eince catalognes have entiely supeisaded Dboth thesa and globes
In such ostaloguea the stars me arranged n the order of their night.
ascensions, which are given, os also thew declinntions. The degiee
of securacy required is such, that unless maps were at least five hun-
tred timeg ns long end as broad as ours, and made of some mataiial
which does not shrink, they could not supeisede n cataloguey and
évéﬁ then, thera would be many inconvomances independent of then
size. The only case 1n which o map might be nseful 13 wheia some
’new object, such a8 o comet, having heen observed for saveral days,
HM]@ then lost, g rough, apmoximation to its track is wanted, which
+ingy fell the obsever in what direction to look for it aguin.  Bui for
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this puipose, a map contaming a sixth pait of the heavens could
never he wanted, and the Atlases of Tlamsteed o1 Bode, which arp
well known to astionomers, and n which single constellations are laul
down on a laige scale, would better seive the pmpose, Conses
guently, the aslionomer has no use for our maps, other than that
which 15 common to Inm with the 1est of the woild,

The common eader 1s desirous of seemg the 1elative position o
the conslelintions, and seldom o1 never wants any large development
ol a single portian of the heavens. Theiefore maps of mdvidual
conslollations would only peiplex hum by then minuteness, as well as
by theu detached chaiacter, Al the same time, the possessor of
a. moderately goad telescope, who puisues star-gazng as an amuse-
ment, requues more exnct detml than could he furmshed m a very
small space  To the fitst desciiption of peisons, every pigjection s
pluchcally useless, which does not preserve the main character of
the 1clative positions, that 1s, which does not place those stmg
n the same line, which appear 1 the same line 1n the heavens.  All
puiposes are better served  the gnamome ojection upap the eip-
cnmsciibed cube, than 1 apy other with wlich we aje acquamted ,
for as each map contawns a sixlh pat ot the whole celestial spheie,
the most imporfant gonps are to be fonpd m the same map, and
ag the shiught lme, which joins two stars on the same map, 1sthere-
mesentative of Lhe appaient shotlest distance between them, all the
stars which appear on the same lipe 1n the heavens are found en the
same hne in Lthe map, This1s the paticulm advantage of the methogd
of pgjection, and by f, & persan who has no 1dea of anthmetic or
geometry, or oven of astronomy, except knowing the names of the
prncipal staus, mght possibly substantiate his claim Lo be the dis-
coverer of o pew comet; o1, 1f he wpie very lucky, of an old one
whose 1elin 18 expecled.

Suppose thal o peison, so cncamslancef], weie to see, I py
eveming's wall, some {ant and cometamry-looking uppeatance n g
praticular porhion of the sky, near the constellation Onon, Upon
looking al neighbowiug starg, he sees that it appems exnetly
line with the two shouldes slms of Onion (4 and ¢), and also with
the star 1 the fool {8), and the stm above, and nearest to it m p
line paiallel with the belt, which is in Eidanns, and 15 maiked g,
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Having made these observations, he has, on his return home, the
power of ohtamning the approximate place of the body, with a facility,
and we may almost say, with a cotiectness, which Ptolemy mught
have envied, On diawing stiaight lines thiough the stms above
pamed, m the summen solstice map, 1t will be seen that the xight
uscension of the appearance observed must have been G9°, and 1ty
declination above 4}° Noith.

The same melhod will of couise apply to finding out the appelln-
tion of any particular stw, which 15 not known, by means of two
which are known. Diaw a hine in the winter solstice map thiough
« Aquile, and « Lyier, and it will then become very easy lo detcet
@ and B Capucorny, 6, B, v, &, and & Aqule, the thiee stms m
Sagitta, 8 Cygny, and o Ly

It will be better for the beginner to obseive, for himsell, stms which
appeal 1 one hne, and to pioceed {o compare them with the map,
than to follow the duections laid down 1n any book,

The 1clalive position of the constellations 1s not easily recollected ;
thew forms, and the manner in which they are dispeised on the globe,
are too irregulai, To fix 1 the mind the fiist 10ugh 1dea of then
position, perhaps the best way would be to 1efer them to core-
spondmg portions of the terrestiial globe, n the following mannet ;
ov at least, 1t may be worth while for the 1eader to 1y whether he can
derive any advantage from such @ companson. Let the instant
chosen be the commencement of the sideieal day at Greenwich, that
is, let the veinal equinos. be on the visthle pail of the mendan at
that place. Then the following constellations will be veitical lo, or
over the heads of, the countties which me mmked oppostte to them.
We have chosen as olten as possible the central pait of the constel-
lation, or boundaries where they weie moie convement; and it must
be recollected that the notion s0 given 1s the rudest possble,

Ursa Minor From N. Pole to Mackenzie River,

Draco Butish and Russian ¥ Amerieq,

Cepheus Gieenland, Iceland,

Cygnus N. Atlantic, between coast of America and Azoves,
Hercules W. of N, America, Gulf of Mexico,

Andromeda Mediterranean, Austiia, Spain,
Pegoosus Cape Verd Tslands,



Cassiopein
Peisens
Aunga
Lynx

Uise Major
Camelopardus
Cuon
Endanus
Canis Major
Cans Mmor
IIydia

Leo Minor
Centmus
Tootes
Seipens
Ophiuchus
Aqula

Lya
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N and W Euope, Spitzbegen,
Caspian, Black Sea, Peisia,

W. Tattmy

E Talay, Japan.

E Sibeia, Sea of Kamseatka, N Pacific,
W Sibena,

Ceylon,

Madagasca

Ocean W, of New Holland,

Boineo,

New Guinea

Ocean E, of Japan

New Zealand and Ocean S, and B
Sandwich Lsles, atd Ocean N, and B
Pacific Ocean off Mexico

TPacific Ocean off Peru and Columbia
Columbia, Petu, River Amazon.
United Slatles,

Coiong Botealis Off Califorma

Celus
Ales
Tamus
(Gremint
Cancer
Leo

Vugo
Lima
Seoimo
Sagittaus
Capicoinus
Aquauius
Pusces

Congo, Mozambigue

Egypt, Lthiopia, W, Aiabia,

T Aiabia, Elindostan

Chinn, ast peninsula of India,
Philippines, Ocean off China,
Ladione Islands.

Sociely Islands, and Ocean N, W,
Maiguesas to Pitcaun’s Island
Baster Island and Ocean 8
Ocean off Chily, Buenos Ayies,
Biazl.

Ocean off Biazil

Gunea and mterior of Afiica.

&7

To return to the projection; 1t has heen objected that the con~
stellations which ate nem the coiners and sides of the cube me
divided among different maps. This 1s cerlainly the fahing of the
projection: but it must be 1emembered that every choice which

could have been made has some remmikable defect,

And the oh-
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jection lies, not so much against the species of projection,.as against
the choice of the cube for the exterior figure on.which to project
But the cube, which is a solid of the least number of faces, renders
the disadvaniage as small as is possible, Iad the maps been
broken up into constellations, the same objection would have applied
still more strongly, unless each design had been large enough ta in-
clode not only its constellation, but all aronund it; so that each
constellation should appear in one map as the principal figuve,
and in severnl others as contiguous to the principal figure. This
is what is done in the atlases of Flamsteed and Bode; and for small
portions of the heavens answers very well; but it would very much
have increased the expense of these maps, Any projection of the two
hemispheres separately would have been out of the question on sa
large a scale. There appear to be only: iwo ways of meeting the
difficulty, and both of them expensive, The first, to suppose fhe
faces of the cube extended, and the projection to be carried farther
on each face, so as.to get the contignous portions, which would thus
- bo repeated, some on two, some on three maps; thesecond, to have
another gnomonic projection, in which the sides of the cube should
be parallel to the diagonals of the first projection. As the matter
stands, wehave the advantages;—1, of having great cireles represented
by straight lines ;—2. of gelting the circumpolar portion of the heas
-vens very nemtly into one map ;=3 of representing a whole sixth of
the sphere in each mapj—4. of drawing the most important. part of
the zodiac with very little distortion, These must be placed againat
- the disadvantage of not being able to present to the eyo all the most
remarkable groups ;: which is a defect only for finding the stars hy
. Means; of one another, and nope whatever for most of the: other
,p\u_ctlcal. _usp_g._of the map,. We need hardly phserve, that there is
in each map a. sufficient, number of groups to. diminish the incon«
venience materially... .
- We now come to the. quqstmn o{‘ the constellatmns. The writings
lgmy (who lived abuut the year 140 pf our em) which plqscwe{]

1!1@ lus c'ttaiogue of‘ the longltudes aml lati-
the: sta.us, he. fixed the relalive posmon of the constellutmus,
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and 1endejed 1t necessmy to heep to s anangemant, because he
desciibed each star, nol by lelters o1 numbers, but by 1ts position 1
the constellation, Thus, what we call 8 Onoms o1 Rigel, was do-
nommated by Ptolemy, * the bught stai n the lelt foot.”

The figmes of the constellations ale of no use to the astionomer,
as such, astar is sufliciently well known, when 1ts 1ght ascension
and declination me given j and af lelters 1efeinmg to the constellation
aie used, such as 8 1 Onon, ¢ in Diaco, &e., 1t 18 not now to duacel
the attention to any imagimary figuie of an mmed man o a chagon,
but to o paticalu tegion of the heavens, wlich might with equal
propiety have been called iegion A o 1egion B, Lkt 1s to the
mylhological antiquary that the figuies ate useful, as somelimey
thiowing light upon Ius pmswits,  Iivery ancient people has wniten
its own veision of the singular fables which aie common to all
mythologies, upon gionps of stmis n the heavens; and 1l mighi
have been thought that some feeling of congruty, 1f taste weie loo
much to expect, would have prevented the bulesgue of nuxing tho
uiensils of modein hfe with the stoies of the heloic age, presenting
much such an appeaiance as the model of n locomotive steam-ens
gine on the top af the Prithenon, Bul the Lacailles, the Halleys,
and the Hevelu, have ananged 5L othetwise, tho wateibener pouy
a parl of the stieam which should wash the southein fish o o
sculptol’s workshnp 3 a cuipenter’s 1ule has got hetween old Clinon
and the altar on which ho was gowmg io sacufice a woll; and the
Laon and the Tlydia, whose juxtaposition has made moie than ono
speculatoy imagine he had found the key to the whole allegary, me
n tiath two pstionomers fighting for a sextant, which Hevelis hag
placed ol then disposat A great pmt of the southein hemispheie 1y
lard ont in mathamatical mstiuments,

If figmes are to ho drawn ot all, 119, as we have sawd, {o1 the g
{ouian, not for the astionomer § and we inagme the formor will think
1t no Joss that i our maps the henvens of Piolemy lave been 1e-
storal, and m no one dinwing exceeded  The names only, ani
houndaiies of the modein constelintions, me gwven; but all the
figmes mo those of Plolemy, so annnged as Lo 1epresent Jus calne
logue. My ITowaid, who diew the figmes, has favowed ws with
the following account ol the alterations, which he found i necessmy
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to make in the vsual distibution of the stms, m ovder to 1epresent
the catalogue of Ptolemy

¢ The stay w Cett has been tiansferied to Aries ; 1 was desaribed
by Ptolemy as at the extiemty of the hind foot

¢ o and 8 Cincis have been appopiiated Lo the fool of Centauins,
agieeably to Ptolemy’s descuption of them ¥

« The niver Endanus 1s not cared so fur to the south-west as the
star now beanmg the name of Acheinai, becnuse the stan desciibed
by Ptolemy as the last of the viver, 15 placed by hum n longitnde
ep 774 §, and south latitude 533°, gving o difference of neatly 50° 1n
longitnde (with full allowance for precession) and 7 o 8 degtees 1n
latitude

“The vamations I have found necessary In diawmg the figwes
according to Ptolemy’s descuption, aie ummpoitant, A ieflerence to
his catalogue will sel any question 1especting them al 1est, as I have
adhered closely to 1t 1n every mstance

The maps which we are descuibing, repieseni the mterior of the
heavens, that 1s, the spectator 13 supposed lo staud at the cenlre of
the enbe The difference between o map and a globe, generally
speaking, 18, that m the foimer the speetalor 15 supposed to be in
the ineide, and in the Iatter, at the outside  The consequence of Lhis
difference 15, that when the noith pole 15 uppermost, a spectniot
who places humself directly opposite to the veinal equinox, nees Alies
upon the left hand n the map, and wpon the 1ight hand m the globe,
When a spectator looks at the equinox (which snppose to be at the
south, on the meridian), fiom enst to west 1 fiom left to 1ight, and
the appment daily motion 1s i that duechion* but this appatent
darly motion buings the zodiac on the mendian according 1o the
order of the signs, and theiefore Avies follotws the equinox, ond must
appear on the left, On theoutside of the globe the effact 18 16versed,
(see page 5) unless we suppose the backs of figmes to be presented.
The question now ases, did Ptolemy concerve lumself to be looking
at the constellations from befoie or behind, from the mside or outside
of the spheie?  Four diffeient hypotheses me possible, between
which, at fiast sight, 1t might appeni easy to decide, by nspection of
the catalogue, but, as we shall pesently see, a question has been
raised, This mnch appears ceitawn, that before the tyme of Baye,

*
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A.p, 1600, all maps weie diawn so that the spectator eithei looked
at the backs fiom the oulside, 01 at the fronis hom the nside of the
sphete  To this we have not met with any excepfion, though we can-
not of cowse undertake to venfy such a proposiion,  Apian’s Cos-
mogiaphia  (edition of Fusius, 1553) contams an example of the
first, and Postellus' * signorum colestunm ver ¢ configuratio, published
also 1 15853, of the second Bayer adopted another plan, desciibed
and 1easoned upon by Flamsteed 1 the followmg paragiaph, which
1s tianslated fiom the pretuce to the thud volume of the Ilistovie
Clelestis, p 156,

¢ Tycho Brahé died m the yem 1601, two years after Bayet puh~
hshed his Usanomettia, whetemn he gives us maps of all the constella«
tions, lis gwes aie tolerable, and the stars well enough laul down
nccording to their places i Tycho’s catalogue, and many other
small stws are added, which aienot 1n the catalogne of Tycho, and
which, it appemts, he (Bayer) lud down by the unassisted eye, by
compaiing them with the fixed stars mnseited in s maps f1om
"Tycho's cafologue, whose nomenclatuie 15 the same  Bul having
drawn all his homan foims, except Bootes, Andiomeda, and Vugy,
with then backs towaids us, those stars which all beloie hum place
1 the nght shoulders, sides, hands, legs, or feet, fall in the left, aul
the contiary, w hus figuies , with which, thetefowe, whosoever gocs
aboul {o examune the ancient ohseivations, o1 the cutalogues of the
fixed stars pinted o1 published 10 any language, will find hisell
niuch peiplexed, 1f he be not beforchand apprized of this, 'the
1eason probubly of Bayer’s ero1, was, that often finding the wouds
#v vary and e peropevy 1n Plolemy’s entalogue, and consulting (e
Gheek Lexicons fo1 the sense of them, he always found wwres 100
dered by dorsumm, and parappevoy by wlerscapiluun, and coneluded that
nterscaplinm was the space betwint the shoulder blades on the huck;
and whenever he met with cither of these words i the deseriplion
of any constellation, excepl Vigo and Andiomeda, he diew 1L with
the back towmds us,  Whenee he makes all those slas that Plolemy
(and the ancients, and wll snco them to himself) placed m nght

* Lo o deappomtment, tag worle confaing nothwg on the yont guiesfion, oaeed
whit s o o found wn the map. Pl way sfterwards copred mto Moyel's <ltion of
Aratus, 1559,
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shouldets, mms, sides, legs, and fect, &c., of therr foims, lo sland
on theu left, whereby he 1endess the oldest obseivations false and
absmd  To remedy this faull, when he mentions any eminent fixed
star to be n dextro humero, o1 dextrd tibia, he adds alias in sinishrd,
&e.; winch, indeed, seems to correct the misconception, bul bemg
dong bul seldom, will perplex. those that make use ol his maps, and
1ender them useless  Had Bayer but diawn the map of Sagiilanus,
ot eny other of the human forms, so thal the stms placed w the ught
hands, shoulders, sides, and feel of Ptolemy's calnlogne mught stand
on the same . his fignies, he would have seen that they wonld all
have thew faces towards us, and thereby would have learned, that in
Ptolemy’s Greck, vwros sigmfies the crafes coipoiis, or the 11hy, and
verapeevoy, the space betwial the shoulders, nol only on the ek, bnt
also on the forepait of the body o1 upper paut ol the bieast, and
there would then have been no mcongnaty between lus figutes and
ancient descuiptions, I am convinced thai nol only Plolemy bul
TTomer lmself uses those woids in a moie compichensive sense
than the Lexicons commonly allow. Neveilheless, m most of
the maps of the fixed siats that have been engiaved smee those of
Bayet, the forms mie {aken fiom him, and bave the same faulls
with his.”

It so happens, that owing to stars being fiequently 1efened to the
shoulders, or to some pait of the dress, as Onon’s belt, which will
equally apply to the fioni o1 lund part, the back s very seldom ducetly
mentioned , bui when such a necessity does mse, the woud vwres or
perapevos 15 used, winch (though Flamsteed, without citing any antho-
nly, curtonsly enough supposes them to mean the fiont, hemg led nway
by his hypothesis) ave always used, the fisst lo: the back geneially, the
second for the pavt of the back between the shoulders, To dinw o
couect ference, we must 1emark, that snee the supposmtion of an
mside view of fiont figures makes the heavens agree with Ptolemy’s
descuplion as to the nght hand o1 left hand position of any star, 1t is
plain that Ptolemy placed the figuies fionting mwardson the sphere
Whether he supposed Inmself to look fiom the wsule or outsule,
must be setled by asceitaimng whether he places stms which me in
the muddle of the figure 1n the fiont or 1n the back; and the pre-
ceding words prove that he did the laiter, Bayer, theiefore, should
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have reversed the oider of the constellations, making the signs of the
zodiae proceed fiom left to 1ight, instead of fiom uight to left, at the
same tume when he made the other change  We have already men-
tioned that m the gnomonic projections which have preceded the
present, and we may add, m most maps of the seventeenth century,
the plan of Bayer has been followed, thal 15, an meide view of
figmes fionting outwards. The same plan has been adopted 1 om
mnaps; not with any view to conlectness, but with an avowed de-
pattuie from it, and for s 1eason, thai an mside view of the
spheie was too essential to astionomical puiposes to be sacuficed
to historical and mythologieul tiuth  But at the samec time, n
choosing between the 1eveisal of 1ight and lefi, o fiont and back,
the former has been preferied, as bemg a less violent depatture fiom
the actnal appearances which Ptolemy supposed himsell Lo observe
when he formed his catalogue. We may sum up the 1esult m the
following memos ande ~—

1 Prolemy took an outside view of fignies fionting mwairds § our
maps me an wside view of figmes fionting outwards, theicfore the
left hand of a figme m our map 1s the ught hand according to
Ptolemy, and vice versd.

IT To obtan 2 1epresentation of the spheie of Ptolemy* in cvery
1espeel, look at the maps through the paper

In the cube of page?0, thal we might present lo the stndent

* It hng been supgesied to ug, that Plolemy Mmself placed some constellntions dif
fuently fiom others, that 1g, seme presenting the fiont and some the backs and Virge
18 parbicularly wstanued; 11 which ong sty (o) 19 deseubed by lum as bemg m the eoun-
tenance (wpepwrrer),  But m 1y congtellation, nsn all others, the *ught” and «lefe”
of Ploluny cnn only be' drawn wpon o figuie fonfmg wnwmds, whila the star (2) enn ho
placed i the countennnee, to a person lookmg fiom behind, 1€ the face he turned sules
ways, ay m the map  The placng of stars i the wings of Virgo s fo us a sfiong pre
sumpbon that the back of the fipure wus looked at  ow seaders must have ohworved
tho awkward mauner i which those nppendages we obliged to e hranght luiwmd
when the fiont of the flgure 19 diswn 1 the vsual way  On thiy very pointy Ptolemy
mentins Ins having removed some stas from the wings {0 the sides, to proserve the
nntmal appemance of the figwe  Would he have thought one pomiion more natual
(han another had the wings boen m fiont? The render may deesde for himself, and
porkeps the maio safely (of wo may say at), that ihe question is not how ladies would

have worn then wings, had they thom, but how o mnthamatician would have thought
thoy ought to have wom them

Thpparchus expressly says, that every body tuins alf the conytellnbions towards 1he
inmde of the umverse (Petavins, Uranologaan, p 181)  Buk wo eannot ascertnin how ho
supposes them to bolooked nb, whethes fiom the outmde or insde,
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maps 1 every 1espect like those which this tieatise accompames,
without raising a quesiion which was there of no importance, we have
drawn such maps on the outside of the cube  To set this ight, and
tomalke the cube theie given a peifect outside 1epiesentation of the
spheie, wiite 4 where o 13 now, all the 1est of the figute 1emains
g the same

The longitudes of the stuis have been altered more than 20° by
precession since the time of Prolemy, by wlich means theu position
with 1espect to the equinox, 15 very differenl fiom what it was m his
day. ln nohwcing this mequality, we shall also wclude those of
nulation, aberiafion, and 1efiaction, by which the apparent places
of the stmis a1 also affected, as well as parallax, which alles the
places of the planets  That 15, we shall explam the natwo of the
phenomene without entening nto their causes

Let the stais only be lud down on an immoveable wooden globe,
which 15 placed nside a glass globe, On the glass globe diaw the
cucles of nght ascension and dechnalion, and lel an axis pass
through the poles of the echptic  On this axis let the glass globe
tain slowly and umformly 1ound, n the duection contiy to thul
in which the constellations of the zotine aie 1eclioned, ot the 1ale of
about 1° n seventy-iwo years  Tlns motion of the circles hy which
nght ascension is measwed, 1s the effect of o slow comeal mohan of
the emth’s asis, It changes the vight ascension and declnalion ol
staxs, and also thew longitude, but not then latinde ; beeange the pola
of the echplic keeps its position, and the Intitudeis what the angula
dhstance fiom the pole of the ecliptic wants of 90°,  IT wo suppose

“the exterio glass globe to 1emam fixed, the same relative change
will be produced by causig the intenior globe to revalve round tho
pole of the echptic 10 a contimy duection, that 1s, according lo the
order of the sgns, This will make every slar move slowly lorwaid
along 1ts pualiel of latitude, which 1s the most simple way of staling
the phenomenon This is called the precession.

While the glass globe above mentioned 18 16valving round an axis
which passes through the poles of the cchiplic, lot this axis wsell
(tts centre 1emuming fixed) make a very minute conical oseilintion
of about mneteen yems m duration. The eflect will be that tho
parallel of latitude will not merely move along over the star, bui will
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have o lateral motion, which will make it oscillate to and fio, being
fizst on one side of the stai, then on the other, Ii the motiotn be
caused by the interior globe, the effect will be that the star, instead
of moving along 1ts paiallel of latitude, will desciibe a waving curve,
to which the pmallel of latitude 15 a sort of axis  The effect of
t,his 15 called nutation, and the utmost departure of the pole of the
echiptic fiom 1ts mean place 15 about 17, 1t arises fiom the axis
of the eaith not describing meiely a cone, but & cone fluted fiom
the veriex to the base

While the exterior glass globe 1s perfoimung the two motions
above described, let the stars on the interior wooden globe move on
that globe n the following menner ;-

Leliptio + 0 O O O O @ Poly of Dallplic

Let a star n the ecliptrc oscillate backwards and forwards in the
ecliptic, thiqugh an aic of aboul 40 in the cowise of o year At the
pole of the ecliptic let the star which hag therto been wn the pole,
desciibe a yearly cucle of 20" of radius about the pole. Between
the two let the star describe a yearly cllipse whose greater vadius 18
20", and1s parallel fo the eclipiic, and more or less f{lattened ac-
cording as the star 13 memer to, or farther from the ecliptic; ns is
shown in the preceding figure., The alteration of place ansing Nom
this motion is called aberration, and ages fiom the motion of the
eath, which produces an alteiation of the appaient diiection of
the rays of light which meet the eye; being a phenomenon of the
same lund as the alteration of the apparent diiection of a ship’s
comse, when seen [rom another ship which is in motion, If we
suppose the star to move in consequence of piecession and nutn-
tion, as in the second supposition of the preceding descriptions, the
eflect may he represented as follows, Instead of gupposing the star
to describe the waving curve alluded to along 1ls parallel of latitude,
let the centie of the cllipse ol nberration deacribe thut curve, Lot
the ellipse nlways present its flat part to the pole of the echiptic, and
let the star describe the ellipse in the course of a year.

Refraction is tho ellect of the aimosphero upon the 1ays of light,
by which they aie bent o hittle towards tho eatth, in consequence of
which the star appems somewhet higher then il renlly 18, AL the

1
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harizon, where it is greatest, 1t is somewhat more than half a degree,
at the zenith it is nothing ; and of any two stais, that is the most
oltered by refraction which has the lenst sltitude  Owing to the
difficulty of laying down the horizon on our maps, it is not casy to
represent the effect of 1efraction upon them

The preceding complicated motions cannot ba well understood
by any but o mathematician ; 1t1s evident that the three, p1ecession,
nutation, and abeiration, will sometimes conspue, or each moeiense
the effect of the othei, and sometimes dostroy ench olher's cllocts
aither wholly orpartially  The following figures show the species of
waving curve in which four different stary desetibe their parallels of
latitude ‘The first is that of ¥ Orioms, the second that of « J.eonis
or Regulus, the third that of the Pole star, and the fonrth that of

& Dracoms .
; o "—'r‘—b_;:‘:‘v_..“..———,—.——n—-

N

T, i,

N

NN

' The putation, fiont its smallness, and the length of its perlod, fs
insensible on the scale which we have chosen,  The ellect is there-
fote entirgly that of aberrstion and precession, In 4 Dracoms,
Whioh is riear the pole of the ecliptic, aid, 1n which, cohsequently,
th precesslofial motien is small, and the berrutional netrly circu-

-
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lnt, we see the effect of a cicular motion, where the circle 15 slowly
cained forwmd  But i Regulus, which 1s nealy on the echptic,
and on which the efect of piecession is luge when compaied with
that of abeiration, the latter being httle moie than a linea oscilla-
tion, the eflect 15 very different. In & Owonis, which 18 nol near
eithet to the ecliptic ov 1ts pole, we see o mixtme of the proceding
chaactetistics,  The finst two stars have thice yems' motion repre-
sented, and the latter two, four yeais,

Parallan is one of those effects which me not easly laid down on
the maps, owing o their dependence upon the honzon  All astio-
nomcal tebles me made to 16present the appemances of the heavens
fiom the eontre of the globe, wheians the spectator 19 at 1tg clroume
JSerence. Tmngine two persons with telescopes, onc at the centie, the
other on the surface, the mtervening giound hemg supposed transpa-
rent. To see o stm i the zenith, both must pomt their telescapes
the same way, viz., directly upwards; but {o look at a st in the
horizon of the surfuce, or between that honzon and the zemith, the
spectalor at the centie must point lus telescope gher than the one
at the circumference, "The difference of the ducclions of the two
telescopes is the parallax of the star, Il1s giester, the nemer the
object looked at; {for the fixed stms, it is tolally msensible, on
acconnt of their distance, and cqually so on our maps, for all the
bodies of the solar system except the moon, for which il 15 somo-
tunes grealer than & degieo, For the sun 1L ts about eight scconds
and e half,

r 2
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CHAPTER 1V

ving expluned the constinction on which these maps of the sta
drawn, we now proceed with the description of the manner
ch they have been filled up, and subjects connected with 1t,
iVhen we sperk of maps of the heavens, 1t must be, 10 soma w
other, under limitations ruch a8 nccompany om notions of ma
the earth  To mnke an absolute delineation of the latter 18 1r
tble  the size of the pnper 1mposes the necessity of troducn
Iy such objects us are of & vistble magnitude 1n the scalo which
osen. IF we had to consider physical geography only, the he
nciple which we could adopt, supposing theie were means
uying 1t into practice, would be to suppose the spectator plac
such & height above the surface, that the country which he is
ap should be as much undei hus eye, and appear of about the sar
z8, as the paper on which he 18 to draw it. If in such & ca
lerably distinct wision could e procuted, the mmor features of t
ndacape would dwnppear, and the 1elative importance of tho
hich remain could be estimated We have a map of this sorl
1e drawing of the face of the moon, us seen through a powerl
slescope ‘ !

But for the purposes of political geography, such o map wou
equire considerable additions  Rivers too small to be seen are t
oundariea of powerful states, and towns which could not be omitt
vould be altogether imperceptible. These two considerations ha
heir analogies when we come to maps of the heavens, If we we
to propose maps of the visible heavens, it would be necessary fiest
nscertain what they are  On a hazy night (hey are not the same
on & clear mght; and even at the same hour and place, the eye
one mun will distinguish objects which have no exstence in that
another  Stll grenter will bo the difference, If we suppose one
have & telescope, which the other has not ¢ the heaven of a twent
foot reflector s toto carlo different from that of the naked eye, or ev
Of‘ﬁ toler able refractor. It might be,and has been, proposed, to ade
tnaph of the hedvens to' some given telesotje—any, fof example
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1efiactor of five-feel focal length, with a magnifying power, say of
two hundred times  Bnt even this would be no cerlam critenion, fou
wstiuments of different makers, and diffeient mstiumenis by the
same maker, have different degices of goodness, while different
people will discern moie or Jess with the same mstiument, As n
1ough guide to the selection requisile for ublily, such a test might
be taken ; but 1t would be far fiom accwiate near the limuts,

Again, histoiical o1 practical considerations may mvest a very
fainl object with an interest which does not attach to much brighte:
ones 3 and the position of a small star in the heavens may 1endor 1§
of mote impoitance than many of greater popular fame  Weto the
asttonomer to choose, he would rather the whole constellation of
Onon were anmlulated than lose the pele star, and o Diaconts,
both as passing near the zenith of Greenwich, and as bemng the stm
by means of which abeiration was discovered, 15 of much gieater
interest than Snms, the bughtest star 10 our heaven,  Let it happen
that a Little star of the eighth magmtude 1s predicted to lie almost
directly mn the apparent tiack of a coming comet® 1t immediately
becomes of much greater importance to detexmine the place of that
stur very accurately, than of dozens which ¢ould be named, and
whick are always wisible; for the most powerful telescopes are
seldom furmshed with any very exact means of finding the place of
a star m the heavens, hut are provided with mieiomelers, which
serve to ascertamn theelative posmtion of two objcels so near each
other, that they appear in the field of the telescope together. ITence
the place of the small star bemng setiled, rnd that of the comet with
respect to if, the absolute place of the latter 15 found,

Fiom such considerations, 1t appeats thal some tesl must be
found of o more practical character than any yel named ; and when
we consider that any method will mclude the siars visible to the
naked eye, and even to infeiior telescopes, 1t 15 obvious that the
diliculty al the imts 15 o matier which entirely concerns the pos-
sessor of a good lelescope, and no other person, excepl masmuch
as he may not like to have Iis maps erowded with objeets which he
connot see. Bul oven of these there me many of which he must
regd: so thal the only question 185—1. ITow to lay down o sulll-
cient number of oljects of intorest or hugh cuniosity :—2, Ilow to
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enable him to diaw & line between those which exist with reference
to his astronom:cal means, and those which do not P

But for the astronomer, it 18 necessary to lay down, for the most
part at least, such objects as have been obseived, and actually find
a place m his books of reference. A new objecl is seen, and the fist
queslion is, of all these which lie near it, which have had thewr places
well determined? where 1s he to look for infoimation respecting
them? This 18 much the same as asking—Dy whom have they
been obseived? in what catalogue me they found? Ifence 1t
hecomes most 1eqmsite that all maps of the stas should be hnsed
upon some one o more of the best catalogues T{ there should
even be visible stars (of which there are several) which do not find
a place in any of the standerds of astionomy, they would be of little
use, Nothing could be very acomately determined by them, for
they are not very accwiately known themselves. The nterest which
belongs to pecular portions of the heavens—the zodiac, for example,
which always contains most of the planetary bodies—has caused them
to be more carefully noted than the 1est  This will make catalogues
rather slandards of astronomical importance in 1eference to stars
which they insert o1 omit, than of comparative visibility  But this
is precisely what 15 desirable on nccount of the astionomer 3 and, ns
we have obsaived, it is of little consequence to any one else what
method i¢ chosen,

Astronomical catalogues ave of three kinds i—

1. Those which are intended to give the places of the stars con-
tained in them with the ugmost degiee of acemacy which the exwsting
state of astionomy will admit: these, ns may be supposed, cannot
contaln a gieat many stars, That of Dr Maskelyne, published
1805 (and, then .considered the most corvect which had appeared),
contamed only thirty-six stars. This number was afterwards -
creased in the Nautigal '‘Almantc ; and at present the places of ono
hundred stars are yeatly given in that woik, of which fifty-four have
the standard character heve described, As these mvst be consi-
dered, for every practlcal pwiposs, what they are called m the
Nautioal Almanne, the ¢ prinmipal faed stars,” we give a list of
them, the standayd stars beng n ialies  Thoey are 1 order of right
asceﬂﬁiqn, and the numbers refer to the hours 'of right ascension e



EXPLANATION OF MAPS OF THE STARS,

9
y Pagasi (Algemb),
B ITyd,
o Cussiopea

A Ceti,

a Ursa M, (Polaris,)
0t Cetl.
e lidam (Acleinass)
a Hrolis.
1I.
v Octi,
a Oele,
I
& Parsen
» Taur,
' aidani,
Iv.
o Tawd (Aldcbaran )

v
a Adurgee (Capelle.)
8 Ghriones (Rigel,)
@ ?’aura.
& Orionis,
& Lepons,
e Orones
& Columbre
& Orimis,
YL,
- Geminorum.
& Argus (Canopus,)
51 (lev.) Cophel.
o Cunts Moy, (Siuus )
¢ Cangs Maj.
Vil
& Goninorum,
e Gemanorum{Costor)
o Can, dp.(Thacyon)
B Geminorum(Lollux)
VI
15 Aaghe,
8 Tiythm,
Uhste Majoris,

x.

¢ Argus.

o liydreo

9 Urase Majora,

¢ Leons,

o Leonis (Regulus )
Xl

» Argus.

o Ursa Mayoris,
XL

8 Leomnus,

§ Ilythee ot Cyptens.
B Leaws

v Ursa Majores,

pALE
B Camgeleontis
o' Crueis,
B CGuv
12 CanumVenatlcorum,

X1II.
& Virquas (Spica.)
n Urseo Magoris.
» Bool1s
{3 Centaur,

XIv,
o Boolss (Arcturus,)
& Contownd,
& Bootis.
o Libres,
B8 Uy sa Minmis,
XY,
B L.
o Coronat Bmeulis,
e Ser pontis.
¢ Urae Minonis,
A Scorpn.
XV,
§ Dphiuchi,
@ Seor e (Antmes.)
4 Diacoma,
& Tuanguli Ansjaalis,
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XVIL
s Uhawe Mais,
o Octantis,
g Herculs,
B Draconis
a Ophiucha,
vy Dt aconis,

XVill
1 Sagittaril
8 Ursce Minoits,
o Lyp e (Vegn)
B Lyra.
¢ Aquite,

XIX,

& Aquiia.
w Aquile,
a Aquita (Mimi.)
B Aqutlan

XX,
a® Caprioor i,
¢ Pavoma,
A Thswy Misoris,
o Cygne,
61 Cygna.
XXL
& Cygnt.
o Cophei.
B Aquarn
B Osphel.
e Dopasi,
& Aquar it
& Ghuis

HKXIL
¢ Pegns,
o Procis Aust alls (To-
malhaut)
& Pogasi (Maukeb.)

XX
¢ Piscium
r Caphel
o Andromede
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Wth the difference between the more exact catalogue and the
second-inte one, the maps have nothing to do, for the quantity n
question 1s inappreciable, A few hundredths of a second in the
time of coming on the meridian, 15 ell the difference of eriors that
15 found by observation to exist between the fiist and second-inte
stars of the preceding list,

2. Catalogues which are intended to 1epresent a large portion of
the heavens with considerable acemacy, but not with that igh
degree which 1t 1s possible to obtamn by multiplying obseivations of
the same star, Such catalogues are always mote than sufficiently
exact for the purposes of a m

3, Catalogues of objects tﬁlch are interesting, not as marking
out defimte pomts in the heavens, but on account of the phenomena
which they present, whether of a fixed, perodical, or 1ndefimtely
changing character, Such ale double and tnple stars, variable
stars, and all the class of nebul, The exact places of these being
a matter of no great importance, only such right ascensions and
declinations are given as will enable the obseiver to find what he
wishes to look at. But even these are sufficiently exact for the
purposes of a mep, tn which the whole field of a telescope is but a
very small eircle.

So soon as the order of the maps has been seltled, as to what
stars or othet objects they shall contain o1 omit, it becomes ne-
cessary to fix wpon an epoch The small motion of precession,
described 1 p, 64, is continually varymg the absolute positions of
the stars with 1espect to the equinox, o1 of the egunox with 1espect
to the stars But this motion, amounting to only a degies 1n seyenly-
two years, does not affect the utthty of the map, as a map, for that
time ot lenst , and even af subsequent periods may cause it to be o
useful history of the past state of the heavens. The time will come
when the pole-staf 15 no pole-star at all, for any of the puiposes
Whlch it now assists; but such, o change must be the work of thon-
sands of years, and need not be taken mto account, In some
degree, to obviate future mconveniences, the maps m question re-
present the heavens as they will be in the year 1840-—so that till
that time lhey ave 1n fact changing towards exactness. In 1858

the equiox will be wrongly placed by about a quajter of o degree;
in 1912 by about a whole degree,

5
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The 1dentification of the several stmis 1s the next point to be con-
sidered  If the student in sstionomy should magine that every
possible star 15 distinetly laid down 1 some catalogue or other, he
would be very much mistaken, The stars he finds catalogned
ate for the most pmt those which are wisible to the naked eye,
or to telescopes of moderate aperture* But evely accession of
optical power makes the heavens present new stais and nebulwm, to
an extent which human industry can hardly be expected to classify.
The Berlm Academy, m 1825, inviled all such astronomers as were
melined, to share among them the tash of making mnule maps of
the heavens, It was pioposed that,cach of itwenty-four observeis
should take one hour of 1ight ascension; and * that, having formed
a chart including all the stars of the Histohe Céleste and Bessel’s
Zones, he should put in, by estimation only, all the stars that could
be seen by one of Fraunhofer's telescopes of thirty-four lines aper-
ture” A few of these charts have been published: the stars of
comse have no names, nor any other method of 1dentification, except
their place in the map, which looks like n spoiled skeleton of & map
plentifully spirted with small drops of ik 'We have ihus, besides
the stars which are 1 catelogues, a Imge 1eserve of additional points
of 1eference, which come, one and another, mio use when a comet ox
o planetary body passes by them. An observer compares & comet or
planet with g small stm, which he finds convemently in the field of
his telescope with the comet or planet  Ile can, with the micro-
meter, settle the position of the comet with rospect to the star, much
better than he can settle that of either star or comet in the heavens,
To make this clearer, obhseive that most asironopncal msituments
may now be constdered as divided inlo two classesf—meridian and
equatorial  The first have telescopes which move in the plane
of the mendian only, as their nume imporis* they are wmcapable of
any lateral or azimuih molion (excepl a very smnll quantity, to
allow of the proper adjustment of the inshument), and consequently

* Tho faenl Jongth of o telescopo 18 tho dislanco of tha focus of the object-glass from
the glasslgell ; but ns the eyo-glaws 18 very tear the forud of he olject-glase, the foenl
length mny Lo {nken for the longth of the tolesenpo atgell,

+ "The zenith secfer, for obsmvmg stors near the sonith, and the wlirude id axonuih
wstrument, which resembles the theodolllo in princple, are now not so much wied,
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only see a star for about a minute hefore and after it comes te tho
meridian, The object of this fixed chavaoter 1s stability, 1t being found
that every motion of which a telescope admity opens two or three
sources of exror  Even with such pecantions, no meridian mstiu-
ment can, without verification, be considered as perfectly the same
for twenty-four hours together ; end 1t 15 the business of the astio-
nomet to make such observations as will, by companson or com-
bmation, pomt out o1 do away with the instrumental civors.  And
If even mendiun instruments ave thus to be in a conlinual stats of
correction, which are of the most simple construstion, mechanically
speaking, still less oan equatorial insttuments bo made the diect
menns of setting the places of heavenly boties, 'These are to bo so
consirucled, thai the telescops may, by the maie motlon of the
hand (ot which 1s now preferied, by clockwmlk), be made to follow
any star m the heavens throughout the whole time during which it
isvisble Theie must be then an axis parallel to the axis of the
heavens, hoth ends bemg pivots of rotation, Of this axis muat
come nnother axis perpendicular to it, on which the telescope muat
turn,  An Jour-obrele must be connected with the principal nxis,
which may point ont nearly at what perlod of the rotation the tele-
scope 18 for the time being ; and a declmation cirele must he fixed Lo
the cross axls, on which it may be seen how much the telescope is
&levated above the position in which (if the' instrument We true) it
shotld look atapoint i the equator, If all the preceding con-
ditions be fulfilled, and the telescope be once pointed on e star, n
slow motion given to the principal axis will make the stm 1eman
visible, But these mstiuments cannot be so constiucted that they
fliwll accuralely give the absolute right uscension and dechnation of
n star, Bh adeount of the vatiety of conditions to be fulfilled, and
other chcutnstinces; hut ‘they enti e so conatrneted, that the hour
and declination cirgles shall be gufficiently extct to find h star,
gnd place it somewhiers in the fleld of the telesdope, When two
objects are together in the field, a micrometer may be applied, to
give very accurately the relative positions of the two.

* The ‘acctirate determination of the places'of stais and planets by
laxga, fixed ingttuments 1s the proper worl of public observatories

while e determination’ of such relative mensurements as can be
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made by equatorial nstiuments 18 not only the course m which &
private observer can make lhumself most nseful, but also that
which astronomy piesents itself 1 the most interesting hght to the
geater pmt of mankind, DBut the object of this digtession has
been the manner in which the uncounted class of unknown stais
become useful, An observer, perhaps many thousand miles fiomn
a fitst-class observatory—say i Soulh Amerlca—malkes o sencs
of observations upon & comet with an equatoial mstrument, not by
absolalely determunng 1ts place, but by compaiing it with & number
of unknown stms, whose places he finds with sullictent nemness to
enable otheis to wdentify them, Say, for 1nstance, that August 13,
at 22 47® past ten m the evening, he has found that a comet 18
the field with a small sta1, whose righl ascension 18% (as near as his
mstroment will show) 13" 20 8, and 1ty dechination 20° 15/ 48 N,
By accmate miciometrical obseivations, it 15 ascertained that ihe
comet has 17% 8 mote of nght ascension than the star, and 237
less of declination. This 1 transmitted to Rurope; and by the
maie poweilul ards which lmgo obsetvatories contann, a small star 13
detected very nem the place in question (such as would be vistble to
the, foreign observer, aocording to lus own dlescription of his ophical
means), and this same small sta1, being accuiately meesmed, 15 found
to have o nght sscension of 13" 20™ 414 5, and a declination
of 20° 16' 2",  Consequently, the appaient tight escension of the
comel, at the tune and place m question, was 134 20m 58+, 8, and
its declination 20° 18’ 39%, The use of the Beilin maps, when
completed, will be, 1, Thal the disappearance of any stars will he
detected, 1f the process be repeated at ntewvals; -2, That when
any unlnown siar 18 made o powmt of reference, as m the pe-
ceding snpposed obseivation, a look at the map may at once give
the ebservutory asttonomer sssurance of the star beng 1oaily there,
and not so contiguous to anolher as to make 1 doubtlul which o
observe,

* Such right ascensions and dechiontions ard tsuslly put down with as much ap-
pomante of neetracy as 1f 1t was roally meant to bo impliod thet the inpteunomt veed
was fit for such close determmabions, ‘Lhe reeson 1, thal snce all which 13 Jowown s ihint
tho wstrument will Bo wrong, but not whicl way at wiil be wrong, whethor 1 exeess or
dofect, uy altoiabion for the sake ol 1ound numbors might be s nciease of the enor,
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enable him to diaw & line between those which exist with reference
to his astronomical means, and those which do not P

But for the astronomer, it 1# necessary to lay down, for the mosl
part at. least, such objects us have heen obseived, and actually find
n place n his books of reference. A new objeclis seen, and the fist
guestion is, of all those which lie near 1t, which have had thewr places
well determmed? where is he to look for mfoimation respecting
them? This 18 much the same as asling—By whom have they
been obseaived? in what catalogue me they found? Ifence it
becomes most 1equisite that all maps of the stais should be hased
upon some one o1 moie of the best catalogues T1f there should
even be visible stars (of which there nre several) which do not find
a place in any of the standards of astionomy, they would be of htlle
use. Nothing could be very acomately determined by them, fo
they are not very accwately known themselves. 'The interest winch
belongs to peculier portions of the heavens~—the zodiac, for example,
which always contans most of the planetary bodiea—has cansed them
to be mare carefully noted than the 1est This will make catalogues
tather slandards of astronomtcal importance in 1eforence to stars
which they insert o1 omit, than of comparative visibility ~ But this
is precisely what 15 desirable on nccount of the astionomer 3 and, as
we have obseived, 1t is of little consequence to any one else what
mothod i¢ chogen,

Astronomieal catalogues are of three kinds i—

1. Those which are intended to give the places of the stars con-
tained in them with the utmost degies of acemacy which the exwting
state of astionomy will admit: these, ns wmay be supposed, cannot
tontain a great many stars, That of Dy Maskelyne, published 1
1805 (and, then considered the most corvect which had appenrad),
contaned only thirty-six stars, This number was efterwards -
creased in the Nautical Almanuc ; and at present the places of ono
hundred stars are yearly glvan in that work, of which fifty-four have
the standard character here desonbed, As these must be consi-
dered, for every practical pwpose, what they are called m the
Nautioal Almanae, the ¢ prmmpal fiaed stars,” wo give a list of
them, the standad stars heing w talics They are 1 order of right
aseeﬂs}qn, and the numbers refor to the hours of nght ascension v



EXPLANATION OF MADS OF THE STARS, ™

had been preceded by Alexander Piccolommni,* who 1n his bool
Della Sfera e delle Stelle fisse, has carried the punoiple which
Bayer's fame 15 founded upon fuither than his successor: for he
has abandoned the pictures in favour of lettets  As this 1s an his«
torical point + of some curiosity, we shall in the note extract the
pessage in which he explams his views, Bayer himself aflterwauds
abandoned letteis 1n favour of numbers, 1n the jont edition f of
himself and Julis Schiller, but notwithstanding this rejection,
{which mdeed was not known, as 1t has never been very distinetly
stated 1 modein times that Schiller’s edition was 1n 1cality the
woirk of Bayer, as to the astronomical part, §) Flamsteed and the
more modern astionomers have agteed n using the letteis of Bayer,
though not without some mistakes and misapprahensions.

* Alexunder Plecolomuiny, born et Sienna, 15085 died there, 1678, Ho was Arehs
mshop of Patros, and coadjufor of Sienna, nnd was the fivat Italin whe wrolo on
mathomnatical and plulosopluenl subjects m his native language. e hag also soma
reputation as o comie writer  The flust edibion of $he book citad n the text bears, n
the preface, Da le Prlle di Palzannibre I di X di gosto nel aneewrx,  Sca Ricoioly,
Vossiug, Boylo, &e,  Thero s o full account i the Elegn degds Uomad allushis Toscam,
Fucen, 1771, :

1 Vogho cho sappiste ancors che quoste stells, ¢ho 10 v'ho detto, puu prncipali, o
pm chiaro, cho 10 consldero fino nlla quaita grondesza g tutte ho notate &1 pedi do o
fauola b qual &1 uoglin ymmagme, ho notate dico, ciagchedunn con una lotters do
1"alfaboto. o questo ho fuito, aceiocho pom ne lo figura la uicanceciate, ¢ suppste distn-
guere ) unn da I* altra. poninin cago, quelln che knid ne ln testa, do quella cho snrd nol
Lracein, 0 cos de I altrs pavimente  Bon & woio, ehe por nolo figure he peste molto
nolte aloune stelle piu, lequak o 1 predi de lo favcle nen ho numerate . 6 congoguonte-
mante tal stelle non gon notate con lottern & alfabsoto, o quosto ho fatto porcho por ln
browrlit do In carin, tantn molhindme di carnttore da 1’ alfabete forebbo 1n molte figuro
non poca confusione  ma ho auertiio &1 far gueste 1 quelle stelle, lerualt facilmonts
possn considerarst m ¢he parte swno de ¥ immagine, por Ia memanya di aleuno aliro
con 11 onvalier notater come il tutlo bomseimo comyendsrole, sonza ¢ho lo pm in ¢
m distendn,  Ancora non ho nolute come fo. Igimo no la dotte figure dipingere 1 moms
e i quogh nmmall, eha 1 Poet han finto esser nel Cielo, percho ancor cho cld fuceden
alquanto di uaghezza o 1'oeehro, nonduneno offusearebbe meor pariments lo stalle, o
farebbe noun poea confusone  ed o ho pintosto uolulo haver nguardo o la chlares/a
do In figurs, che o ln unghes/n de 1’ oecluoy ossendo il muw primo alento, mostine
gquelle figuro plu distinlamonta eI’ jo posse, ¢ nel modo eho Jo sono, sondo ells ol di
stelle ndornate senza biacein ne pled, come eingchadun pre nodere,

1 Bee Prwwy Cyenovainis, Arbiclo Baynu.

$ Schiller lumself, Riccloh and Gassendy, statoif distinetly, Seo Puxnx Cyor, aited
above,
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After the catalogue of Flamsteed waa published, which contuned
both the old nomenclature of Ptolemy, and that of Bayer, 1t be-
cama the practice to adopt a nimbening for the stars in dilfment
constellations, derived from the position 1n which they stood in
Flamsteed’s catalogue Thus the star ¥ Geminorum, described by
Ptolemy us 1n the leflt foot of the second twin, happens to be the
twenty-fourth star in the constellatton mn Flamgteed’s calalogue.
It 18 therefore called 24 Geminorum, and gonerally spealung, when
o number piecedes a stai, the number in Flamsteed’s list of the
constellation is intended. In Piazar’s catalogue o different method
fs adopled: the stars in each hour of nght sscension are numbered
aocording to the order in which they coma on the meridian, withont
reference to the constellation m which they me. Thue if the 26th
of all the staig of Piazsl which are 1n the fomith hour should heppen
to be o sta in Geminy, 1t would be the 25 Geminoram of Piazzr,
namely, a star in Getnlni, not the 25th of the constellation, but the
2bth of the stais which have (or had) between thiee and four hours
of mght ascension. The stmis in the calalognes of Hevellus,
Bradley, and Lacaille, have also their numbeis, and the conse-
quencs 18, thot the whele eyslem of nomenclatute of the stersis in
vetate of great confusion, with the agreenble certainty of its being
Umost 1mposaible to ntioduca qne general and uniforn gystem
hiroughout Europe. 'The.ouly methoed at present appears to be to
attach to the numbering some abbievintion or other conventional
datinction for the nome of (he numborer In the Index to the
Astronomaal Society’s Cafalogue, an easily 1omembered alliteration
s adopted 1 Bradley's numbeis are 1n brackets, and Pigxzi’s n
porantheses, Those of Lacalle have the letter O those of the late
Mr. Fallows have Fa, Ttls notdifficult to foresee that all this con-
{usion of nomenclature munsl increese until 1t becomes a matier of
first-rate astronomical importanceé 'to agrea upon the use, of some
geriernl method ; and thei, laborious as the task will be, 1t must be
ncdomplished To add to 'the difficulty, consiellatons which are
used and alluded. to by some, are not regognized by others,

With the riaps, however, these difficulties have nothing to do,
exoept a8 they rénder extreme accuracy of deseription very difloult,
and moltiply the chances of eror, An inquirer who has occasion
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to look for a star m the map which he has found in tho heavens,
will, when he finds 1t, see 1ts proper desenption ennexed. It
matters nothing to him what 24 of Hevelus, or 29 of Flamsteed,
really menns . 1t is suffictent that theie 1s o stax which will be wn-
deistood by astionomeis under that name, and that be knows
which sta1 1t 18, Another, who wants to find out i the heavens
the stm called 24 Geminorum of Flamsteed, must have seliled,
previously to coming to the map, the wav in which ha 1s to denote
his star; and though he may have encountered a difficulty, he will,
of comse, have met with it 1n a manner for which no map can be
1esponsible,

The magnetude of o star 18 a term used to denote 1tz apparant
biilliancy, Before the invention of tha teloscope, the stars weie
imagined to be badies of sensible apparent magmtude, ns mdeed it
15 obvions they seem to be. And it was an unanswerable mgument
against the probability of the Copernican system, thai, admititog
(which was necessamy to be supposed) the Axed stars to be so dla-
tant thal the emth’s whole orbit would appearno larger than a point
to them, their apparent magmtude made 1t necessmy also to sap-
pose that the largest of them, at least, weie many times the diameter
of the emth’s oxbit in diemeler, The telescope showed that the
appemance of magnitude was altogether 1llusory, and dependent
upon atmosphaiical phenomena j for thongh upon hazy or tioubled
nights stars may appeai lmge, thew magmiude 18 nol permenent,
but accompanied with a tremulons, boiling, or bubbling outline.
And n good climates and still nights, no micrometer will give
sensible outhne and appaient diameter to any bul large stars
That these do eppear of some sbight sensble magmiudo in luge
telescopes may be true; but it mey De shown fiom the lnws of
optics, that not even a mere pomt, supposed to emit light, could be
made to appear ns nothing but a pomf, m rlens with apherical
glnsses at lenst, The term magmtnde then merely denotos brilliancy
to the eye, and is 1tself perfectly indefiniie. We see without u glass
some five o1 mix gracations of light m the seveial stms  Those of
the brightest class nre said to be of the fiisl magmiude; Lhose in
{he next set, which differ sensibly from thosa of the first magnitude,
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are smd to be of the second, and so on, Telescopic research has
detected stars which should be called of the sixteenth maguitude;
but as to the fwinter objects, it must be obseived that not only will
different observers assign different magnitudes to the same slar, but
even the same observer on dilferent mghts  And many stais which
to Bayer appeared brighter than others, do not do so now; but
owing to the unceitainty of the denominations employed, 1t 15 1M~
possible to say whether this proceeds fiom a slow change m the
brilliancy of the star, o1 from dufference of cicumstances and habis
of perception 1n the observers There are now vauous means of
estimating the appment bnlliancy of duflerent stars, that s, thei
relative bnlliancy.  Sir J, Herschel, fiom his father’s experiments,
estmates the quantity of light received from the seveial stors
which bear the first six magmtudes to be in the poportions of
100, 25, 12,6, 2, L+ fiom his own, he rates the light of Suws ab
about 324 times that of a star of the sixth magnitude, (Astionomy,
Cabinet Cycl , p. 875}

It 15 sometimes attempted to subdivide at least the grester mag-
mtudes, and to talk of a star of the 2% magnitude, and so on. It
was usual to call a star which was considered as half-way between
the second and third magnitudes, one of the 2.3 magnitude. but
Mr. Baily, m his edition of Flamsteed’s Catalogue, lately published,
has adopted the fractions of magmtudes, and 1t is to be desired that
the example should be followed. The following will show that
it 1s not hkely twe observers with different telescopes * conld expect
to agree within half a magmtude by meie estimation, Sw J, Her-
schel (Mem Astron See. vol, ui. p. 180) compared a large number
of the magnitudes assigned by humself to stars with those assigned to
the same stars hy Professor Stiuve m his Dorpat Catalogue.
Taking an average foi each sort of magnitude, 1t would appear that
the stars designated as having the magnitudes in the first column
by Professor Struve, would be styled as in the second by SitJ.
Herschel ; (the second column'is 1n magmtudes, and tenths of mag-
mtndes,) !

* It 13 found that two difforent persons with thd simo telescope malke up two diffaront

‘instrumenis , and the discrepancy 18 shill more imcrensed whon different teloscopoes are
usqd,,in different climates, or on different mghts,
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S H S, H
4 54 8 95
5 65 9 103
51 7 9% 108
6 71 10 11t
6y 74 103 12

7 81 1 1l5
7% 88 113 11

8 90 12 127

It appears, theiefoie, that a mass of estumotions hy tvo obseiveis,
both accustomed above otheis to this class of 1esemiches, not only
moduces results considerably dilferent in quantily, bul pescnts ab-
solute 1nversions of order 1 the case of the smaller objects  That
the difference depends on climale 1s not piobable, since 1t would
also allect the well-known and admutted stars Lo which the others
me referred for example, Siriusis of the fiist magmitude all the
world ovel, whether i an Englsh o1 Italian sky But whether
chmate does act o1 no, this much appears clea, that the method
of naming magnitudes by estimation 18 not o swe method of ob-
taining a universal classification,

The reader would piobably not be wrong in considering the
matter thus, If a peison used to look al the heavens weie to
agselt thet he had seen a comet like a stm of the fhist or second
magnitade, 1t 1s probable that he would be contect, If of the thud,
the comet might be concluded to be somewhere belween the 24 and
the 3} of all the 1ecognized stars in the heavens; 1f of the fourth,
between the 3 and the 5; 1f of the fiflh, between the 4 and the G,
nnd so on.  With 1egard to the maps, we need only obseive that
the stars me designated after the best catalogues, The only
experimental methods of deteamuning the ielative quantily of light
iransmitied by different stars give vague determinations, not fit
for selilng the questions above tieated with any degree of sc-
curacy. In lhe telescope, a contingenl circumsiance affoids a
method of comparing fmnt objects somewhat betler than naked
estimation  The measuring instrument tself is not the telescope,
but cettain very fine thiends, (frequently of spuler’s web,) fixed ot
movable, accoiding to the natme of the observations to be made,

G
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and placed n o1 nem the focus of the object-glass. The 1mage of
the star is fmmed in the focus of the object-glass, m or near the
plane of the thieads, and the eye-glass may be considered as a
micioscope, for magmfying the 1mage, and (a defect which cannot
be helped) the thieads, o1 wires, us they me termed.  These wies
cannot be made wisible withoui more light than comes fiom a small
star , to temedy wlich theie s an oifice near the muddle of the
tabe, close to which a lamp 1s placed, the light of winch 15 re-
flected upon the wnes, and the field 15 thus Mlummated  The
orifice can be expanded or contracted, o closed altogether, and
thus the guantity of illumination may be vaned Now when two
objects me so funt that the \Mllumwation of the field may be made
to extingush them altogether, it may be ascoitained what quaniity
of lummation 15 just suficient to destioy each, and thus & notion
(not & very perfect one) may be formed of the guantities of light
received fiom each, But it must be obseived, that 1t is not only
diffienlt to get alamp which shall always yield hght of the sume
wiensity, and to know whether any given Inmp be such or notj but
as the varlous lights of the heavens nie almost always mote or less
of cifferent tints, the same lamp will extinguish oune siar of one
colour sooner than another of the same bughtoess but dilferent
colour, Thus a red Iight would entuely extingmish o stan of the
same tint, hefore a wenker, hut bluish star, had dsuppeared, It
is by no means impossible that a dihgent employment of lights of
diffnent colours might be made to add to owm knowledge of this
part of astionomy, and 1t 1s in such fields as the precading thal the
private obseivel may become a usoful asmstant to the public one,
It would be of hitle uge for an individual to ergcl an obseivalory
with fixed mstruments, (or the purpose of oblaiming rght ascensions
and declinations, nnless he could give up so much time, and procuie
such & (uantity of assistance n icdacing obsetvations, as wonld
place bim on a level with natonal ohservatories The following ac-
count of the late Mr. Groombridge™ will Wlustite omi meaning *—

In the year 1806, he became possessed of o splondid tiansil
eitcle of four feet diameler, (the workmanship of om celebinied

* Annual Repirt of the Roval Astronomics) Seewely for 1831, Tiis enfnlogue s
stated to b m course of putbilication by the Lovds of the Admually,
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Thoughton,) so well known by his name, and the cxcellent use 1o
which he applied 1t; and he immediately commenced the task of
forming an exact catalogue of the stais as low as the 8,9 magni-
tude, within 50° of the Noith Pole

“ In this a1duous undertaking he peisevered with singulax assiduity
for ten yems, and in the year 1816 had completed about 30,000
obsetvations in right ascension; and the same number 10 dechination,
on this part of the heavens—a scuies almost wilhout a pmallel 1n
the annals of modein astionomy. But Mi Gioombridge was not
mnchined to he satisfied with merely 1egistering his ohseivations , he
applied himself with equal industiy to the hatassing labow of 1e-
duction, on which ten yenls moie wele exhausted; untl, m 1827,
he suffred a severe atinck of paralysts, fiom which he never per-
fectly recovered Duuing this peilod he had applied the reductions
which depend upon 1efiaction, as well as nstiumental and clock
errots, to all the observations, and had obtamned the mean places of
aboul one-thud of the whole number, so that nothing moie was 1e-
quired for obtamng the catalogue, piecisely as it would have ap-
peated fiom his own hands, except to apply the conmections for
aberration, nutation, &c , according to his own tables ”

Such 15 the sort of labow by which mu unassisted indivnidual
performs woik which will vie with that of a laige and peimanent
ohseivatory 3 bul the amateur has another line of utilty. All
quesiions connected with stms o1 planets—except the appaiently
stmple one ol making such observations as shall aid the predicuon
of thewr futme places with, il possible, mcieasing accwuacy from year
lo yenr—belong lo the private obseiver, at least until such lime as
Goveinments shall found obseivatones for pmiposes expressly equa-
torwel, as 1t would be convement to call them (Seep 73) We
shall dlevote some pages to o very shoil account of the vaions ways
m which a peison {fond of loclung at the heavens, provided with a
modeiately good telescope and miciometer, may make himself
useful, even without mathematical knowledge

Let us take first the vanations of the fixed sturs 1 magnitude
and colour, It 18 evident that the question, whether a fixed ‘stad
1icvolve oh an axis or nol, can never he setiled excepl by some
vanations of appemiance piesenied by its dufferent paits, as they
come one nlter another under the eye of he obseiver, and also that

' @2
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a regulur succession of iepeated appemances n o staris a very
strong presumption of the exislence of a iotation 10und an axis.
For nstance, the star 8 Peiser will to-day, al 8 » M, appea of the
second magmtude, to-monow, at mdmght, 1t will be decidedly
smaller , and 1 another day, it will nealy have recovered its first
appemance  Tlus succession of changes can be obscived re-
pealedly, time after time , and the mfeience 1s, that the smd sta
1evolves 1ound-an ams 1 2 days, 20 hows, 48 mutes  The only
question 15, how such prelensions to accuiacy can be sustamed,
since 1. 15 most evideni that no one can pretend to say, to a minute
o1 an hom, when the staris mosi or least bulhant, This question
15 one of a laige number which every thinking person must ask,
when he hears that prediction and accomplishment diiler fiom each
other by such portions of time as the twentieth pmt of a second ;
and mn this pailiculor mstance 1t happens thai an answer can be
given which will satisly the most sctupulous, To take a very simple
case, let ns suppose the length of the yem 1s to be deteumined, that
18, the time elapsed between the sun being twice successively m the
summer olstice  Let 1l be supposed that any one single observel 1s
hieble to a mistake—say of five minules—one way o1 the othel, in
determining the exact time when the sun 18 1 the solstice , so thai,
by possibility, the observations of two successive solstices may give n
yem ten minutes too long or too short., But 1emember that the
error possibly fo be encountered 15 an absolute guantity, not con-
nected with the time elapsed hetween two obseivations. Supposc
then that the time of the sun’s solstice 1s obtained m June 1830, and
June 1831, 'I'be year thus obtamned may be ten muutes oo long
or ten mmutes too shoit, Let us suppose that we have alieady a
rough notion of the lenglh of the yem-——say exactly 365 days.
Instead of observing the solstice of 1831, let us waut ull that of 1832,
Then bemng liable to an erron of five minutes, one way or the other,
at each extierity, the two years so estunated may be ten minutes
too long o1 too short  Consequently, the mingle year obtamed by
halving t}le period of two years cannot be moie than five minutes
tao long 01 too short  If we had waited wll June 1833, and taken
the thud part of the whole petiod (possibly wiong by ten minutes)
for ,thq, actual length of the year, the error of o sigle year could not
have been more than the thid part of ien munutes 3 and 1f a hundred
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years had been so taken, the erlor could not have been moie than
the hundredth part of ten mmutes, and so on Thus the att of
astronomicel observation consists, 1 great pait, i taking 1esults
obtained at times so fai distant fiom each other, that the enor of the
two extiemities shall be dinided among a gieat number of the
petlods 1 question, mstead of beng borne by one only; and the
correctness of modetn astionomy 18 thus m some dlegree due to
Hippaichus, who lived about & centmy and a half before Chust
This constitutes the geat difference between ashonomy and all
other sclences, puie o1 mixed—except peihaps geology, m & small
degiee Il Buclid could be discoveied to-moniow to be a foigery of
twenty yeais' date, 1t would maiter nothing, 1n any sense, however
1emote, to the truth of any one proposition 1 geometry, But
estabhsh the fact that Tycho Biahé wiole m 1700 mstead of 1600,
and several of the fundamental 1esults of astionomy aie thereby
proved to be wrong, moie o1 less,

The catalogue of vaiable stais, considered as well established by
Suw J, Heischel #, 1n 1833, 15 as follows, A few 1esolule puvate
obseivers would piobably mciease 1t consilerably *—

Doriod of Variation of
Star's Name Resolulion Magnituie Discoverots
n He My
BPast o . . | 2 20 48] 2 to 4 { g:ﬁ‘:z‘;k“" N i;gi
¥ Cephor . 5 8 37| 3% b Goodrieke . . 1784
g Inm N . 6 0 o| 8 4% 1 Goodrlche . 1784
» Antmor . . 7 4 15| 3% 4y | Pugott . . . 1784
« Herealis . ’ « 6D 6 0| 3 4 W, Ilerschol o 1706
X Sopoentis—- N
R A, 164 4]1m } 180 —— 'k 0 Nuding ., 1626
T D, 74014
o Ceta . v |38 —— 2 0 Fabrang + o 1500
% Cygm . 396 21 0| 6 1 Kneh , 4 4 1687
367 (Bade) Hydre ¢ |49 —— | 4 10 Muvaldi 1704
31 (Flamsieed) Cypm 18 yonry G 0 Jangen . 1600
120 (Moye} Leoms v | Many joms. | 7 0 Keeh , . , 1782
% Sagitmn . do dp 3 g Malley + 1676
Y Leoms . . do da, 0 0 Montannir  ,  16G7

* Tha reador will find the 7% entise on Asironomy, m the Calanet Gyclapedia, the mosi,
mstruetivo and correct in tho Englsh langusge, and fou the nstory of nsfronemieal
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To these may he added the sudden appearance and disappesmance
of stars without any appment canse, such as the star of Huppaichus,
vhich led lim to draw up he fiist catalogue on 1ecord, and thal
acoided by Tycho Biahé, in 1572, Fiom the appemiance of a new
tar, n the same pait of the hcavens, near Cassiopea, in the yems!
45, 1264, and 1572, 1t seems possible that o few yems after 1872
the same appeaiance may ngain be presented

The disappemrance of slats ts o well-iecorded fact, nor 1s the losé
Pleiad of mythology the only mstance. One canse of the loss of a
star oul of a catalogue has been this, thai the supposed sla was in
fact a planet, which of comse continued moving m its oibnt, nstead
of 1emammg to be veufied by those who alterwmds examned the
catalogue, In tus way the planet Uranus appems once o1 twice
n old calalogues as a4 stan  And this consideiably enhances Lhe
meitt of Su Wilham Heischel, who, 1t must be ohseived, was not
metely gazing through a telescope, without any object bul to pck
up chance curiosities, but was examning the whole visible heavens
it by bit, and time afiey time, that by successive 1nvestigations,
with the sume telescope, he wmight note any changes ol magu-
tude, colour, or motion j and o very recent communication of Signot
Cacciatoret, of Paleimo, shows the use of continned investigation

discovartes, he may congult the Tieatiso m ihe Tabwnry of Useful Knowledge (IHsiory
of Astrongmy), or the Fistorienl Account of the Progress of Astronomy; by M1 Nawon
Baldwin, 1833 But we do not aite the treatise above-mentioned merely hooruso 1k 18 n
good treatiso on astionomy, but becanse Sn T, Herschol 18 ono of the fist nuthonties
on extrn obgervntoiial natronomy which exist at prosount
* 1t must be obrerved, however, that both the first years mo statod as having heen
those of comets by Lulimetsky, an vauons authoittes, and as tlug weitar montions e
stay of 1572, wo do not know pn what evidence the fiust twa apo founded, On lookmng
mto Tycho Brahé, Dz Nova Stefle, p. 331, wo find that the nuthorty for the twe fist
stellm (we sey this, booauss the Latm word may stand for star, planet, o1 cowmel) 15 his
gwn contemporary, Cyprian of Leovttza; and of the star of 945 (or more probubly 914)
Tycho remarks, sed a quo Hustoriogs apho wd habowt, non adduarts On the stal of 1264
Tycho says, dunolavat slie desaripionem ed quadam manuseriple codrea desymsisse,  Now
neither guidences will do at the present day, even to astallish a comet, much Joss to dige
| imguish o supposed new star from o comet, which other authouties tend to estabhsh.
"yoho Brahé himaslf scems to Eunk, that 1t ho does not doubt tho evidence, othois may §
{df he ndds, Nec faordé credider vm wébum heea Jalsa pro verss nols obh usisse,  Quorsumng
1wl faidiar 7

| T
t Tn nlétter o Coplgin Smyth, BN Resd to the Astronoiment Bouety, Duc, 11,1835,
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“ In the month of May I was obsciving the stars that have proper
motion—g, laboyr that has occupied me seveial years Near the
17th star, 12th how, of Piazzt's catalogue, I saw anothel, also of the
7 8th magnitude, and noted the appioximate distance between them,
The weather not having penmtted me to observe the two following
nights, it was not till the thnd night that I saw 1t agam, when 1t had
advanced a good deal, having gone farther to the eastwaid, and
towaids the equator But clouds obbged me to tinst to the fol-
lowing might, ,  When at last the weather peimitied obseivabions
at the end of u fortmight, the star was aheady tn the evening twihght,
and all my atlempts to 1ecover 1t were finijless—stars of that magm-
tnde being no longer visible  Meantine, the estimated movement
mn thiee days was 107 m 1ight ascension, and about a minute, ov
rather less, towards the noith  So slow a motion would make me
suspect the situation to be heyond Utpnns *

Hee, then, 1s somewhat moe than o suspioion of & new planetary
body, It may be a century before 1l 15 recovered again, or 1t may
have been found agam at this moment. But 1t will always be easy
to establish by calculation, as to any new planet, whether 1t was o1
was not the star observed, at the time and m the place spexfied, by
the waithy successor of Piaza,

Changes m the place of stais me well known, though not of se
gieat magnitude as the one m the preceding paragiaph  When a
star still appears to have motion, over and above that which 1s due
to precession, nutation, and aberiation, 1t 1s called 4 proper moiion,
o1 one ienlly enisting n the star. The thice motions just cied,
being common to all the stais, according to then different laws, have
been tiaced to diffarent motions of the emih  But when one stai
appears to have other molion, which another close to it has not, 1t 15
then necessauy o attibute the appajent motion of the fiist to & real
molion i the st 1f we could discovel a new motion, common to
all the stars, and amounting to this, that all the stais 1n one pait of
the heaven meieased then distance = litlle, winle all those m the
opposite part came nemer togethe, 1t would then be evident that the
cause was g motion of the whole solm system towards the pownt at
which the stms opened most  Considenng the solar system ac-
cording o the laws of mechanics, which have been so successlully
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applied to the denvation of the relative motions of the sun and
planets, it 18 mllions to one agamnst the sun being absclutely at
1est m space  Dut the questions—which way the whole system 15
moving together, with what velocity, and how soon we may expect
to ascettain these points ?—are wholly unanswerable. All we know
of the distance of any fixed star fiom us 15 negative—namely, that it
is not less than about five thousand mullion of times the distance
fiom the smiface to the centie of the earth 1t may be this only, o1
neal i, o1 1t may be & hundred times as much, or even moie, Inthe
mean time, the proper motions of such stais as have them do not
exhibit any such degiee of 1elation as will justify owm supposing that
they arise from a motion of our system, as will mote distinctly appem
1 the following hist* of such stars as have more than half a secoml
of motion, either m 1ight ascension o1 dechnation The fiist column
contains the name of the stars, if with a single numbe, 1t is Flam-
steed’s—af, with a number in paientheses, 1t 1s Piazzi's § or in binckets,
Biadley's, A number of Hevelius has (ev) The second column
containg the magmtude of the star ,—the thud, the proper motion m
11ght ascension, being the average of the yemly motion fiom 1800
to 1830, tho sign —, denoting that the mght ascension 1s dim-
nished, while 1n all other cases 1t 1s inciensed, The fourth column
contams the average yemrly motion 1n declination for the same period,
~ denotmg 2 southward motion, all the otheis being northward, The
stors are arranged in the order of right ascension, so that 1t will be
seen that the quantities and duections of the molions appear to be
perfectly miegulai, or groper to the mdmdual stas, withont any
dependence an thewr places in the heavens The motions me ex-
pressed 1 hundredths of a second (of space), so that 59 means 69
hundredths of o second, o1 59 per cent. of a second  Obseive, as to
the goantity of the motion, that the sun’s diameler containg about
nineteen hundred seconds. In the columns which have been left
vacant, no 1esult has yet been obtaned.

* Abndged from a paper by Mr, Bamly, in the Afth voluma of the Memairs of {he
Royal Astronomicsl Society. A catnlogue of proper metions, by M, Argelander, of

Abo, has very rocoutly been published, which, of roquisite, wo shall noliee i the Ap-
,pﬂndix.

T
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In the preceding list, the first thing which will stike the obseiver
15, that the proper motions 1 nght ascension mie, on the whole,
much gieater than those n declination, But since 11ght ascension
and declmation zine_the results of measuwiements, which depend only
on the position of the eaith’s axs, and the plane ol the ecliptic, o1
plane 1n which the eaith moves 10und the sun, it cannob be supposed
that thewe 1s any physical connexion between these cucumstances
and the molion of stats which appea: totally unconnected with the
earth, Such might be the swimise of any one, but il may be very
soon shown that theie 15 & mmple geometiical 1enson why 1t must
necessarlly be, ceferis parbus, that the molions of stus are grealal
in 11ight ascension than m declmation,

Lot P be the North Pole, o0 M .o the equator, and 8 and § (he
places at the hegmnmng and end of o year, ol o slm which has thoe
ptoper motion 88, Tet ASCB he the cicle of the spparenl
dunnal motion of the star at the beginnmg, and P8, P§, the
horary cicles, Then the wholo of the slui's motion 19 8§t ; the
motion in deelindtion 13 C8: wiile the motion i nght ascension
15, nol SC, but the patof the equator coriesponding to 8 C,
namely, MM/, meater than SC. I all the stms were w the
equatol, then the sevaial 8 Ce (f we may mvent snch a plmal)
wonld comaide with thew vespectivo M M/s; and 1f theio weie all
Jands of proper molions, we should wpon the whole see no reason
to call the vanations ol 11ghl ascension greater than those of decli-
nation,  But af all the sty wers very ncar the pols, very small
proper motions would make dilleiences of 1ght ascension of seveinl
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houts, To take the extreme cmse, suppose n star very near the
pole to pass actually thiough the pole in the comse of the year,
Then theie would be fwelve howrs diference between its 1ight
ascenston on ihe two swles of the pole, and by supposmg 1t lo
pass ag near the pole as we please, we may thus make a yearly
difeience of right ascension as near as we please o twelve
hows

The stms in the preceding List which have then namos in Italics
are double stmrs that 18, though appeating only single to the naked
eye, they aie separated by tclescopes of more o less power, mto
two stas close to each other., There might easly be conceved
one star which shounld hide anotheir, owing to the hne of then
Junclion passing, when sufliciently lengthened towards us, throngh
the earth’s orbit, which m comparison of the distance of the stars
fiom us 18 & mere pownt,  But 1t would be agmnst all probability o
suppose that 1 an wfinile extent of space so thinly spread with
stats, tn compauson with what might have heen the case, a gient
number of hundieds of stais should thus appear couples, owing la
the meie posiion of then hnes of junction, If twenty thousand
grams ol sand were thrown up before the eyes of a spectatot, at len
yatds off hum, and all depived of fuither motion at one given mo-
ment, the chances are enoimously agmnst five hundied of them
bamg so placed as to hude another five hundied in whole, o1 m pait,
and still more wonld be the pohalnhities agamnst mete accident
ol position, as we must call 1L, making so lmge a proportion of dis-
cetmble stms double, The inference to which the mind would be
strongly led, 15 that (his juxtapesilion 1s & pait of a1eal connexion
between the two stars, which constitutes them one system having
mutual 1elation belween then motions, and very probably that which
15 found to exist between the sun and planels m om system. It
neaded no very long consideralion of the planelmy system (when il
began to be known) Lo diaw the mlerenco thaw in all probability the
fixed stars were themselves the suns of other systems, each con-
tiolling the motions of 1ts own tiam of planets and satelites  But
expetence has shown that Lhis supposiion lacked holdness, and
was hut o 1esiriction nstead of an extension No one was sulli-
glently hady Lo imegine (wo suns demonstrated, and 1 some in-
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stances three or four strongly suspected, with all the probabilities of
cach having 1ts own tian of planets remaming Jnst as before  But
we must explain what we mean by two suns.

The suns of a system must be defined to be those bodies which
shine by their own hght, and which aie masses of matter com-
parable to each other m size, so that neither must be considered
as a mere speck, when the other 1s likened to an orange* This
defimtion may requue extension fiom futme discovelles, to make
1t mclude all bodies to wluch it shall o1 may be convenient to give
the name of suns, but al piesent 1t answers every purpose. If we
could suppose Jupiter to have lght of its own, just enough to he
seen with the most powerful telescopes fiom a fixed sta, or1f we
could suppose 1ts 1eflected light to produce such a phenomenon,
then the ohserveis in that star would see our sun and Jupites, asa
bught star accompaned by another, extiemely faint, which revolves
round it, the two being msepaiable by the naked eye, But as 1t
stands, we have mm our heavens stms of not very different degrees
of brilliancy, and of which there 15 no 1eason for supposing that
either 18 the only somee of 1llumination to the other, but the con-
trary, since their Lights me geneially of neatly the same mtensity,

* Wa are quite seuous i gaymg that the following extinct from Sir J, ITerschel's
Astronomy, (Cab Cyel) contamns a better viow of the solar system than n great many
volumes which proceded, with thowe elap teaps of vilhons of milhons of mley, Seo
the Work, p. 287,

¢ Choose gy well-lovelled fiald o bowling-greow, On it place a globe, two fuek In
dimeter, this will reprosent tho sin Merewry will be ropresonted by o geawn of mus-
tard seed, on tho cucumferenco of a crrelo 164 foot m dinmoter for abs o1bit, Vonus, a
pea on o eircle 284 feet n diamoter , the Tarth also & pen, on a eirclo of 480 oot ; Mg,
n rather large pun's head, on a crelo of 684 foety Juno, Cores, Vousla, nnd Pullag, grong
of sand, 1 orbnts of from 1000 to 1200 feet, Juptor, o moderate-sizod 0ango, m i
cirele nearly half & muje across; Saturn, a small orange, on o crclo of four fifths of o
mile; and Uranug, a full-sized cherry, or small plum, upon the eireumburenco of o carcle
mors than & mle and & half m diameter, As to getting corroct notions on this subjoet
by drawing circlos on paper, or siill worss, from these vory childish foys enlled arrerdes,
1t g out of the questlon To 1mtnte the motlons of the planats, i tho above-montionod
orits, Morcury must descr1bo 1/s oton diameter s 41 seconds y Venus i 4 mnuntes 14
soconds , the Harth in 7 minutes, Marsin 4 minutes 48 seconds 4 Jupiter 1n 2 hours
56 minutes, Saturn m 3 hours 13 munies, and Uranoa in 2 hours 16 mmudes To
comyleta the above, wo must add, that the model of the nearcst fixed star must by nb
Jedst, 5000 mules distant from the bowling green,
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and of different colows (though this 1s not conclusive). These
stars 1evolve 10und each other, w ellipses, ke the plancts, Bat
befme proceeding faither, we have some iemarks to male on
the manner 1n which this subject conceins seveial, perthaps many,
of oul 1eaders, The first motion mentioned, namely, the proper
motion 1n the heavens, concerns the observatory astionomei entuely,
both as to the phenomenon 1n question and the difficulty of de-
tecting 1t. Fou not only 15 1t hus office to assign by pmediction every-
thing that affects the stars considered as 1eference pomts m the
heavens, but the quantity m question 1s so small, that nothing but
the most poweiful inshumental aids and the gieatest skill in obsei~
vation will detect 1t, But the means of many puvate observeis
might be made useful in the delicate task of detecting the 1elalive
mations of double stais, no1 need any one he deteried by the iden
that he cannot humself make use of his obseivations altei they are
made, o1 apply them to deteymine what aze called the elemonts of
the otlnt  Theie aue several steps in astionomical work: fustly, the
determination and seleclion of the phenomenon to be obseived, and
of the proper mstiument, the mvestigation of the defects which ae
pecaliar to that instbiument, (and every one has its own,) and of the
proper method of malang the observation, so as to avold us much
as possible of the enor, and have the means of 1emoving the rest by
subsequent computalions, secondly, the observation itsel(’; thirdly,
the reduction ol the obseivations, o1 the cleaung them fiom the
effects of one phenomenon and another, which must not be takon
wto acconnt, fourthly, the discovery and selection of such methods
and foumulee as will, when appled to the observations, pro-
duce those geneial dafu which me called elements, and when
known, foim the most convenient ¢uantities with which to set out
in the allempt {0 pedict the fulme fiom the pasi; fthly, the
actual deduction of the luture phenomenon  The fiist 1 the wouk
of o mathemabician and mochanician § the second, of any person who
will givo o shoit time to the pactice of the 1ules and maxims de-
duced by the fiisl, with or without undeistanding the principles on
which they have proceeded . the thid, of a very ordinary computer ;
the fourth, of a mathematician and natural philosopher—neither
Newton nor Laplace was more than equal to his task in this de-
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partment of the science ; the fifth, of a sllful computes, well versed
1 the 1esnlts of the fomth We need not enlaige on the advan-
tages which would result, have resulted, and do 1csult, fiom the
same person being competent to every pat of the preceding duty.
what we have here to say 15, that the desue of bemg useful may be
accomphshed n any one of the piecedmng paths, without much
attention to the otheis, But our business 1s heie with the actual
observer, who has what 1s to most minds the most pleasani nnd
easy task of the whole, though as mdispensable io the success of
the united opeiation as any other  Indeed 1t 15 1mpossible to say
which of the peceding should be dispensed with fist,

A person with a modeiately good instiument, and some atlention
to 1ts use, will not find the 1esults he may prodace neglected, 1lis
fellow-labomers will take the 1aw matenal he fiunishes, and apply
nll the successive steps of the manufacture to1t.  Nor will he lase
the credit which 1s due to him, for to omit mentioning the name of
an observer, the nature of Ins mstiument, and the place wheie the
onginal observations me to be found, would be to ensure the re-
jection of the 1esults of such obseivations both aboad and at home
The patticular case m question, namely, the fondamental obser-
vations of double stats, are peculiaily pomnted out as the most cer-
tamn field of the private observer, because they require no elock,
unless one be used as a conventent methotl of moving an equatorial
telescope. The day of observation 1 all that 1s necessary to be
known ; and a tme-piece, with 1ls necessmy accompaniment, a
{ransit mshiument, 1s not wanied  An equatoual telescope of suffi-
clent power to sepatate the two stais, and a wue micromeler, nre
the necessaty appmiatus . of the pinciple of the lniter we shall give
a general description, not entering mto any of the niceties of 1ts
constinction, and supposing thioughout that the ingtiument 1s
perfect,

The wire micrometer consists 1n the addition of an apparatus to
the eye-glass of a telescope, such that, on bemg mseried wto the
tube, the field presents the usual appemance of o luminous cucle,
cut by four very fine wnes, parullel, two and two, the first pair being
at right angles to the second, Itis found that the appmatus can
be turtied round, so as to place erther pair of wires 1n any duection.
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One pair of wiies 15 fixed, but the other pair consists of one fixed
and one movable wne; the latter always 1emaining parallel to the
fixed wne, but capuble of having its distance ncieased or dimi-
nished by a sciew, which canes 1ound a small cucle giaduated on
the edge, into (say) 100 paits. The thheads of the sciew me so
small, that « whole 1evolution of the giaduated circle calnies the
thiead to o1 fiom 1its parallel thiead by a very small space, and as
we have supposed LO0 dwvisions on the cucle, and as the giadud-
tions of this laticw aue so distant that the position of a fixed index
may be read on the cucle within a qumiter of a division, we have
thus the fom-hundiedth pait of the effect of a whole 1evolution
easily ascettmnable  'We might suppose the other wue moved by a
scrow L the other end, bul this 15 not necessary, We can now
ensily see thal one wire may be made to cover one stm, (which 15
very easily continmed 1f the mshument be carned by clock woik?
at the same 1ate ns the heavens,) and the movable wne may then
be adjusted to cover another stav, both hemg w the field togethai
The observation 15 then made, and 18 to be 1ead off Ses how
many reveolations, and paits of 1evolutions will bimg the movable
wire homae to the fixed wne. the distonce of the two stmis 1 then
known 1 terms of the divisions of the miciometer

The question wow is, what do the divisions of the micrometer
stand for P I the mtist allempled to constinel the mslrament so
that each revolution of the sciew should answer exaclly, say fo 20
seconds of distance, he would ceirtmnly lose his labours  Sarew-
cutting is in u vetry high state of peifection, all things consileied,
but the errois of the sciew ate, of contse, magnified 1 ihe tele-
scope, perhaps 260 times, The aitist can cut the divisions of the
scrow sufficiently near to equality weth each vther, but cannol de-
termine with sufficient nearness how muny seconds of space in a
given telescope will answer 1o ench 1evolution, The observer,
thercfore, heng only fuimshed with an mstinment, eangh division of
which means something, must find oul fiom the heavens whai that

* An equatonial tlescope 18 on awkwaid wstrament of (he hands niust b conlinunily
employed in Jeeplog tho star in the field,  Clochework 19 now made af n cheap rote,
when eompaied with the puce of 8 good tolosenpu,
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somathing 13 And this notion of an astionomical instiument, so
different fiom the commion one, namely, that it ts an awkwatd mnss
of wood, glass, &c., which must be taught by one stai what to say
of another, will be heie easily illustiated. “The fundamental unit
of measurement tlnoughout estionomy 18 tha dimnal revolution,
which 15 made 1o be 24 hows If & stei be exactly 1n the equaton,
evely second of this 24 houis (page 27) answeis to 15 seconds
of space, The obseivel sepaiates the wnes by (say) exnctly 10
revolations of the sciew, and putting the telescope upon & star in
the equator, (if not, o correction must be applied, which 1 not
here to be considered,) he finds that the star takes 22% scconds by
a siderenl clock to move fiom one wue to the other, ;1 22* 5, an-
swering to 16 tumes as many seconds of space, o1 to 337" & The
tenth pait of this, or 33" 75, 13 the value of each :evolution of tho
sciew, and the hundiedth pant of tlus, o1 0743375, 15 the value of
each of the hundied graduotions A common clock oo watch
will here be sulficient, but even without this, he may mensura the
diameter of the sun on the mendnn, at which time the diamele: in
question 18 given 1n the Nautical Almanac (piedicted) Suppose,
for 1nstance, he finds 1t to be G0 revolutions, and 12 of the divisions
of a revelution, or 6012 divisions ; and that the Nautical Almanac
gives 31/ 56" for the diameter of the sun, or 19167, Then (910,
divided by 6012, gives 07-3186 o1 each division, or 317 86 for
each revolution,

By such a rough deseription, 1t may be imagmed that en ndi-
vidual with lewsme to follow lus own views, some means of pio-
viding instruments, and & modeinte zeal for the proseculion of
details, need not be deterred by any 1den of difliculty from ondea-
vouring to be of use 1n piactical astronomy. 'We now proceed with
the subject of double sters.

It was obseived by St W Herschel that some of these double
stars revolved slowly ronnd each other, by mensuring what 15 ealled
their angle of position, that 1s, the angle made with the mendlan,
by the line joming the stars, which, were theie no 10tation, ought
to remain always the same. In 1803, Sir W Haerschel announced
to the Royal Society the motions of y Leonts, « Bools, { Iler-
culis, 3 Serpentis, and v Yuguis, all of which have been subso~
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quently confirmed, Many hundreds of stms have suice been added
to the list; every accession of power to the telescope separates new
single stars 1nto double stats, and theie 1s no denyng the possibilily
of every star i the heavens being double, though 1t 18 a sttong cu-
cumslance 1n favom of single slars, that oul own sun appems to be
one, Foicible as me the pesumptions that every double star 15 a
connecled system, and not a 1esult of the position of the lae of
Junction, 1t 1s yet proper lo distingmsh between stars which wie
proved lo be connected, and those which aie not (as yet), The
lutter mie theiefore simply called double stais, and the founer binwry
sts, or moie properly bnary systems,  It1s found by obseivation
that certmn double stwis 1evolve 10und each othet, and 1l was nalu-
rally the first mquuy, whether they 1evolved 1ound each other
according to the smme laws as om planets 1ound the sun, o1 satel-
lites 10und thewr pumanes, The method of testing any astio-
nomtcal theory, s to assume 1if, and deduce its conseuences, and
then to see whether those consequences are written 1 the heavens,
This method s completely msundeistood by almost all tho vanons
speculatorts who have tued to oveithiow {he Newtoman sysiem,
They seem to imagme for the most pait that Newton ieasoned ay
follows ., 1f such and such athiaclive foices evist, cerbmin moliony
must ensue , but those specified molions me found to exist, thete-
fore the attinctions laid down must exist also,  This would not be
good teasoming , for the only deducible iesult 1, that theie 15 o
consequent probability 1 favonr of altraction. The 1eal state of
the casc 15 contmined in the following demonséraled propositions
1., That bodies on the emth are pulled towmds the eatth by o force
to which the nnme of altiaction 18 given, 2, That this does not
depend upon the air, since 1t holds of bodies m an exhausted 1e-
cewver, 3 That detached porltons of matler attract cach othet on
the emtht, 4 That all the motions of the solunr system do take
place just ns, 1t can be shown, they would take place il all matter
atliacled all other matter according to the Newtonian law  All
thoso proposilions mie demonstiable and demonstiated: 1t 18 o
question for the mmnd of the reader, how far it 15 likely that the

* Proved by Maskelyud’s and Cavendish's experimont,  bee Penny Cxor, mibicle
Arinoion,

n
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first thiee should be tiue, and the last also [lom any other canse
except attraction

To caiy this inquury as far as the fixed stmg, 1t 18 necessmy that
the consequences of the Newtonan law shonld be dedueed and
compmerd with observation. The only difficulty 1s one which the
mathematician does not feel, bnt which must stiike p teader with
some force who 1eflects an these things with an elementaty know-
ledge of mathematics. All the celestial spaces mie to s nolhing
but mojections on a sphere m the maner descibed m p, & Thus
the distance between two stars docs not depend upen thew 1eal dis-
tance anly, but also upon the degiee of obligmty under which that
distance 1s seen : and 1f one stm 1evolve 10und anothel, it s very
obvious that we do not see the 1eal orbit, hat the projection of the
real oibet upon the sphete. Now [his appeats at fusp sight 1o he
anly the change of one mbit mto another, whai we want to muke
appaient 1s, that 1t will be a change mto an orbil desenbed aceord-
ing to laws quite dilferent from Lhose obseived 1 the solar system,
50 that if the foreshorlening of the 1enl orbil were neglected, il smight
he nferied that the theory of mulual sthraction oes not hold of
binaty systems as a suflicient explanation of observed phenomena,

D

Let 8 be ope of the stars, and et AB C D be tho 1eal oibit 1
which the othet moves relatively toil, but let s obligmty to tha
sphete be such, thiat it 1g foreshortencd mto abed, Supposmg the
orbit to be an ellipse of wlhich 8 15 the focus, it follows 08 o neces-
sary consequence of 8 constanily atiracting the other stm, that
equal mens must be desciibed i cqual times; that ([ ABCD
be the positions of the sccond star elatively to the fiisi, ai any
equal lPtBlVﬂls of time,‘ then AS B, B8 C, and C S D must he mens

f

r
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equal extent Now this proposition 15 practically true foi the
yected o1hit, owing to the angle under which it 1s seen being so
all, that any lme drawn to & powt il fiom the earth may be
1idered as al ught angles to its plane, so that the pigjection 1y
tiuth oxthogiaphie, as descuibed 1wy page 52 And b 1sa pro-
tty of the oathographic projection, that meas equal to each othe,
ing prats of the same plane, nie projected into other aveas differ-
¢ fiom the fhst, but stll equal to each other., Consequently,
nal weas appear to be descitbed m equal tumes 1 the projected
s, which, thetefore, in thus particular feature, presents no male
thstinelion Nom the real one
Agam, the mojected oilnt 13 an ellipse, as well as the real oulnt
w then, having ascetained the appazent orbit, me we to know
iether 1t is not ihe real oibit P How can we proceed to determine
: real trath of the mobable fact, that the oi1biis of double slars
2 nol all so ananged that the eye views them withoul any obli
ity?  The tiuth 1s, that though the appaient oibits are ellipses,
i desciibed so that equal micas are passed over m equal Limes,
t the pownt about which equal arous are described i equal times 15
t the focus of the ellipse. This 18 the effect of the projection ar
-eshortening, and so far as alteiation of Kepler’s laws is in ques-
m, the only effect  Consequently, 1t must be ascertained mn whaot
sition, 1f any, an actual orit ean be placed, which bemg 1tsell so
sited as to be among the possible onginals of the appmient oibit,
1y have the star inits focus which has heen considered as the
mary  This difliculty, which is & purely mathematical one, is
troducerd and overcome, the result is, that o1buts are found abey-
g in every 1espect the laws of Iepler and therefoie assumlaling
¢ 1elative motions of binary systems to those of om sun and
anets, and agieeng beltet with the obseivations than the obser-
tions agiec with each other. For 1t mmst be ohseived that the
eastuement of the angles of postion, or angles mads by the line
junction of the stmis wilh the mendinn, 18 a very rongh and in-
act land of ohservation, and a diffeience of five o mx degiees
1l sometimeos be found 1n the mdividual measores oul of sue-
‘asive sets tnken nemly ot the same time  DBul when the angles
position, as they should be 1f the deduced oxbit wero perfectly
n2
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conect, are compmed with those which actually have been observed
the {ifferences a1e found to be mostly under one degiee, and very
goldom above two The methods by which a mass of conflicting
observations, made discrepant by mstinmental and petsonul criots,
have been thus made lo gve conglomeiate results according with
Kepler’s laws to a gieater degies than could fanly have been exs
pected fiom the appemance of the obseivations themselves, ale due
t0 Su J Heischel, who, m a paper published m the hith volume
of the Mun Astron Soc, has deduced fiom lus own obseivations
and those of otheis*, the elements of the oiluts of » Vugius, Gasto,
o Colone, £ Ursee Majotis, and 70 Ophiachi, and in a subsequent
paper, in the sixth volume, & Bodbs, and Coionge me added, with
a new determination of v Vugmis, Thee can be nothmg con-
nected with astionomy of more mteiest (o a geneial 1eader, than to
sea the vauous steps by which a process s passing thiough ils
sough steges, before an uninteresting degiee of aceuincy 1s alimned.
Nobody but a methemalician can sympathize wilh the dueclor of
an ohsevatory, nsig all lus efforts of hody and mind, so to unprove
the lanat theory as to abolish the second of time (o1 thereabouls)
by which she will not t come on the meridian necoiding o pic-
diction  Dut a second in the lunm theory, answeis to five yeats in
that of » Viguus, belongmng to a depatment 1 which fiom the
nalme of the case obseivations uie 5o tough, that instead of cal-

* The obsorvers whe have fovwarded this, the mest mieresting addibion to the phe.
nomena of nstionomy since the time of Gulileeyare (in alphobshienl oder, and the hving
with thue litles) 1ofessor Aner, M, Bessol, Bradley, Rev, W, R, Deswoy, YW Tlorsched,

Si T, Howschel, Maskelyne, Mayer, Pound; Capta Syth, RN, 8n J, South, Pio-
fessor Bteave,

+ The follonug Aupposed duloguo bebwoon two nsironomors is not oxaggornded '

A, Tave you seen the volume of vhgarvations for this yonr ?

B No,but T am toldl the moon 1 vory much out,

A Yer, wdoed, almost two seconds m one place,

B The small plancts altoguther wiong, as usuel, I anppose ?

4, Yes, Pallns ts out mmeteen vaconds I—howavar, some of that ss in the epoely
"B T wonder whethet we shll over know anytiung st oil about thoge small planots,
Be P
. Tlug wilt serve the rondor to adjust hav nobions, whon ho lears, m oio point of view,
t}mt modern nstionomy 18 yory corréet, and 1 another that it all waong,  Tho fuat
1o0ks to what ling hovn obtuiped 1 {he second to what romsing to be dong,




LYXPLAKALION OF MADPS O LIS SLARS 101

culating dufferent portions of the a1ea of an ellipse, it is as much as
the data me woith Lo cut out paits of a paper cllipse, and compae
then weights. The following approsimations (fiist and second
alteady alluded to) will show the state of this class of obseivations
The sceond 1s denved fiom the addition of & laige number of new
observelions, and exhbits that degiee of sumilanty which at once
proves that much has been done, and much 1emains to do

O1bit of ¥ Vuginis,

1 115t Result Seeond Rosulh
Major Semiavis . 117 830 1274020
Eceenincity . . BB7L7 8335
Penhelion projected . . 15° 5V 36° 40
Penhelon fiom node on the orlit . not given 282° 21!
Inclination to plane of the heaven ., G7°5H% 67 R
Node . . . . B 50 o7° 28
Peiod in tropical years . 518 28 628 90
Moan annoal motion . —0°T0137 057242
Penhelion passage, 4 v, . 1834-01 183463

Of the stats montioned in the meceding hst, the apmovimate
elements of the 7eal orbis sie as follow . —

Inuination
to the
Revolutin Majou projected
Stm, m yoars, Semuxiy Eeeonireity, orint
v Yugmis . 629 124-090 83135 67T
Caslor . 253 §"+086 +7582 Vi
¢ Colonm . 287 3%+G79 G113 41° 1%
£ Urseo Maj, . 81 3278 3777 56° ¢
70 Ophiucht . 80 41392 40607 48° 8
£Books . 117 129660 5037 B &
n Coones .« 44} (".8320 2603 37° 24

¢ Canciy 15 suspected to revolie i an oibal nealy circulm, in
sbout fifiy-five yoms, Sir J, Ilerschel hos 1emaked, with con-
sidetable probability, thal these othits seem 1ather comelary than
planetaty, that is elongaled, not nemly enculm, oval forms. The
last sty # Coronm, s the puncipal tiumph of Si W, Ierschel’s
prediction, It has actually compleled wpwaids of a 1evolution
smee 1t was first obseived ; and the gientest distance of the two
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stars falls below what was once supposed would ever be matter of
obsetvation,

It must be obseived that eiher star may be falen as fixed  the
relative orbit of each round the other being the same for hoth
Some double stars have, at the same time, proper molion common
to hoth, (which 15 another poof of connevion,) and thus exhibit
the phenomenon of a system 1n a stato of ianslation thiough space,
which we musl, moie o1 less, believe lo be the case m our own
Though 1t may not be dnectly in o way, we shall take nolice of &
very temakable addition, which oui presoni lnowledge of the
motions of double stais mnkes to an migument of ancient standibg
The practice of making some 1esemblances the grounds of sus-
pecting otheis, 15 as old as any altempt to reason, and 1s justifinble
to 2 ceitain extent, depending vpon the number of 1esemblances
which have heen obseived The sun 15 o mass of matter which,
gives hight § so far 1t 1esembles the stas  But of the sun we knovw
fuither, that 1ts light and heat me essential to the pieseivation of an
mmimense o1ganized system, which could not exist withont them, ‘Lhe
nference has then been drawn, not withoul piobability, that the
stals aie of the snme seivice to othel systems  On the other hand,
thete have been those who find the use of the stmis as subseivient
to the wants of men, and whose minds do not foel any necessity oy
fuither supposition as to the nse of their existence. To them it
must at least be concedeg that theil aigument is to the poinl: and
that if 1t be inpossible to disbelieve, consigiently with all our ler-
1estual expevience, In Lhe ulility fo some puipose orother of ull that
exists, 1t 1 wcumbent on us, on the other hand, io admit a degice of
uiility in navigation and geogiaphy 1o the fixed stars, which may
Justify those who can do so, n 1efhianing fiom fuither attempls to
create uses fiom then own imaginations Noi does 1t 1 the least
touch this mpgument that the stats aie not all useful, for the same
applies to all the pioducts of the eaith which have not yet been
obtained, to most of the munerals of Tndia for nstance; or that the
advantages of them ate 1 many ivstances of compaialively late
discovery, for this apples equally (o 1ron considered as the maleral
of & ralsoad, But the knowledge which has bean lately added to
our stock on the subject of double stms, piesents an entirely new
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mothod of viewing the subject, In our own system we see that the
laws under which the planets 1evolve 10und the sun are conducive
to the mamtenance of then existence, and sometlig of the manner
m which this is effected. I the moton of the emith weie stopped,
nothing would hinder 1ts fulling into the sun with a shock which
would disorganize the whole, even supposing that life and vegetation
could exist up to that moment, under the continually incieasing
heat and light  Now m the 1elative motions of the double slars, we
soe the same method of preventing a mutunl shock ,—for whal pui-
pose P—Im om geogiaphy o1 navigation ? This is excessively dilfi-
cult o be supposed of double sims, which e less than a second of
apparent, dinmieter apuil  The mguiaent m favow of o1ganization
the celestinl hodies is very much incieased wn probabilily by the
discovery of a species of relation which makes a direct provision
that, unde actually eatsting laws, one shall not become dangelous
to the manttenance of the siate of anothe

Among the phenomena wlich have been observed of biary
systems ot double stdis, one ol the most remumkable 15 theli differ-
ence of colow, the colour of one heing usually near one end of the
prismatic spechioni, and that of the sccond fiom the other, the
larger being most fiequently neaer to the 1ed, and the smaller to
the violel.  There 1s an fimite number of vareties of colow among
the heavenly hodies; bub so (a1 as can be ascertaned, theie 1s no
distinction between the optical mopeitios of the Hght of one star
and of dnother, éxcept‘* that which also belongy to the same diffes-
ences of colown in teriestilal oljetts,

We shall finish by some nolice of the nebulw or nebulous hodies,
as they are called The fitst and greal nebula of our heaven
18 the milky way, estending all round the spheie m the mannet
pownted oul in the maps, Of ts phenomenon it 1s to be remarked,
thet the neater we tuin owm cyes to it, the mote do the smaller st
mualtiply and ciowd logether. And the milky way ls found by
powerfuil telescopes to be itself an enoimous collection of minute
stals, ench yiclding too Litlle light to be sepdrately visible, bul con-
voylog altogether the faal impiession ol which the name is de-
1ived  The mfetence diawn 1s, that we me situated 10 an 1mmense
stintum of staws, the length and eadth of which 1s very many
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times greater than 1ts thickness, so that when we look tough the
thin pait, we see slats in sufficient numher , but when we look along
the stintum, we sce smaller and smeller stans, more thickly placed
than befoie, and teiminating m those which are so distanl that thew
united effect 15 that of a mere cloud  This was the opmion, o1 1f 1t
be counsilered as petfectly established, the discovery, of S Wilham
Heischel, and 1t opens & wide field of 1caseneble speculation  Lor
bestdes the mithy way, the heavens aie found to be covered with
minute patches of light, more o1 less thickly scaltered 1 every pait
These differ fiom stars i beng of fimte magminde; some of them
ale visible 1o the naked eye on clea nighls, Some, 1n a {elescope,
are found to consist of clusteis of stais, 1 some, the uniformity of
appentance under o low power 1s changed by a lugher mto thai of
a varled scene of lights of different degiess of intensity. The pre-
samption 15, that every such nebula 18 a partiel umeer ge of itself
that 15, composed of  numbel of stais so great and so distant fiom
ow cluster, that the lalter would appear fiom any nebula in some
snch foim as the nebula appewis to us, This is, of course, o meic
mesumption, similar to those which have heen alieady noticed ; but
1t possesses a degiee of probability with which no othei hypothesis
can compete at pesent  The number of foims which nebule
agsume, and the vaous appeatances which they meseni w the
telescope, 1t 15 out ol the question lo alterapt desciibing, The
wiitings of St W. and S J. ITeischel contamn almost oll thal 15
known on the subject, The catalogue of the latler, prmled 1 the
Phil Trans for 1833, contawns a hst of 2306 such objects wisible
at Slough : and his journey to the Cape of Good Ilope 13 under-
slood to have [or one principal object the estension of {his hst (o
all the nebulee in the lower pait of the southern hemisphere. On
this subject* «he 15 somewhal swipnsed at the extiaordinary pan-
city of close double stars, which cannot anse fiom want of power
in the telescope, or fiom the nalme of the cimate [for he con-
siders his minors ag perfect as it 15 possiblo to make them j and
he represents the beanty and tranquillity of the chimate to be such
that the stars wmie teduced to all but mathemalical pomts, and

* st Sear Monthly Notico, Dec,, 1835,
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allow of their being viewed like objects under a 1nicroscope  But
although the number of double stais 13 so small, considenng the rich-
ness of the southern heavens in stais, yet he represents the nebule
as vely coplons, and hes accordingly collecled a numerons hist, &c "

Nobody ecan well desciibe nebulae who 1s not i the habit of
seeing them; and for this 1eason we 1ecomamend the work on astio-
nomy alieady ciled, independently of olher meids, The following
desciiptions of o few objects me taken fiom the hst of nebulee men-
tioned above (Phil Trans 1833) Tn interest they will be woith
mote than any absteact —

No 1622, =, 13422 3% noep 41° 50

«This very singular object 1s thus desciibed by Messier —¢ Nebu-
“tleuse sans étoiles’ ¢ On ne peut le vorr que dificilement avec
“¢une lunette mdimane de 33 preds  Llle est double, ayant cha-~
«¢ cune un centie brllant éloigné I'un de Panhe de 4/ 357  Les
‘¢ denx atmospheies se touchent’ By this desciiption 1t 1s evident
« that the peculiar phenomena of the nebulous 1ng which ency cles
“the centiul nucleus had escaped his observation, as might have
“ been expected fiom the mfenor hght of hus telescopes. My fathes
‘¢ describes 1t in hig observations of Messier's nebulee, (which mie not
“ mcluded in lus catalogues,) as a Dight 1ound nebule, sunounded
“ with a halo ot glaty el u dislance fiom 1t, and accompamed by n
“ companton, but I do nol find that the puitial subdivision of the
“nng wto two bianches (lnoughout ils south following il was
“ noticed by him. Thig g, however, ona of ils most 1emarkable and
“ inleresting features, Supposing 1l to consisl of wims, the appear-
“ ance 1t would mesent lo o spectalor placed on a planet attendant
“ on one of them, excentiically situaled lowards the noith preceding
“ quater of the central mass, would be cxaelly similan o that of ouy
“ milky way, Laversing v o manner pieciscly analogous the firmn-
“ mont of laige stws, into which the cenlial cluster wouldl he seen
« projected, and (owmng Lo its greater distance) appeaning, hike 1, lo
“* consist of slars much smaller than those in other patts of the hea-
“vens, Can i then be that we have haio ajeal biother system,
 bemng a1¢enl physieal 1esemblance and stiong analogy of slinetare
“ to our own?—"The ellipic form of the mner suhdivided portion
 indicates with exireme probability an elevation of that porfion above
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“tho plane of the sest, so that the real form must be thiat of a ring
«gpllt thiotigh half its encumfeience, and having the split pottions
« set asunder at dboiit an angle of 45° sach to the plade of the other ”

No. 2060 wa I 52m 12* np o 6704

“In my father’s observations the tine form, (ke that bl a dotible-
* headed shot o1 dumb-bell,) was of cowse distmetly perceived, ahd
 the small sta1s 1L contains ae notweed, and taken as an indication
“ of its 1esolvibility I incline, however, to the opiion of then being
« aceidental statsy (of which maltitudes extst in the surtounding re-
wpion), But heie, as 1 the former object, the featmie wlnch gives o
“ peculim 1nterest to the whole nebula, and altais entliely thelighl m
“which 1ts physical constitniion must be consldered, has been hutherto
“ oyerlosked,—I mean the faint nebulosity which fills in the lateial
“ concavities of the body, and converts them, 1n fact, into protubes-
¢ ances, 50 as to 1ehder the general outhine of the whole nebula a
“yegulir ellipse, having fou its shorter axis the common axis of the
“ two bllght masses of which the hody consists, that is to say, the
“ Jonger nxis of the oval foim under which 1t was 1mpeilectly scen
by Messier ”

No 218 ra 2011m58° ~r b, 48° 2

«« Ait extinordibiy object  It1s of the last degice of Iaaniness,
«alid muy vely well be unpeircerved though full in the field of view.
“ There can hmdly be a doubt of its beng a thin flat 1ing, of enoi-
« 1ous dirftensions, seen very oblighely,”

The observations of nebulee must be prmepally ihieresting on
account of the slow chdnges which appear to be taking place
them. But to the ptitate observer they must be considered, in coh-
Junction with double stars, as dfoiding & valubble means of Liying
the fowbe of his telescope, aild thd state of the weather foi obe
setnitig,  Thoy iy be tuiiged i classes according to the difficulty
of peicervihg them, antl thus the possedsor of a telescope may deter-
mine the 1ank his instrodiédt is dhtiiled to hold, For the very dif-
ferent: hecounts given by olisetvers of the performdnee of object-
glissesy When compared with theit stited dimensions, and such
Gther cltclimstalices ad to all appbiuntite shbuld give supeilonty or
ififetlority, st lead @ to conclude tljat grch such glass is ah in-
strdtierit by itselt, riot; altogether af ledst, to He cohdlored né ohe
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of a class, Such a hat, under the tle of % A List of Test Objects,”
was communicated by Siv J Heischel to the Astionomical Society,
ahd 1s published 1n the eighth volume of then memolrs, By per-
mission of the Council of thal Society, it 1 1epublished at the end
of this tieatise  The references to the catalogues, &c., which seive
as the names of the stas, hardly need explanation, since by the
appioximate 1ght ascensions and notth polai distances, the places
of the seveinl objects may be found 1 the maps (2, Struve;
H, W. Heischel; h, J Heischel )

We shall finish the chapter with an account of the selection of
ohjects which have been made in the maps

The stats in Pinzzrs, Bradley's, and Lacaille’s catalogues have
been chosen, and all those of Flamsteed (Mi. Baily’s edition) me
included

Piauz’s catalogue, published m 1814, contains 7648 stors, all
which aie 1serted n the maps,

Bradley’s stars are taken fiom the culalogue w Bessel's Funda-
menta Astronomice, published m 1818 (the only place w which the
1esults of Biadlcy’s Astionomy exist in a1educed form s see Prny
CycrLormpia, atticle BrapuLy)

There me 3222 stams 1 this catalogue, of which only 216 aie
not in Prazar, all these me mseited in the maps, but ate without a
1eference,  Lncaille’s Calum dustrale Stellferum was published m
1763, 1 contamms observations of 10,035 stars, of which 1942 are
formed into a 1educed catalogae, all of which ate In the maps.

Pinzers and Bradley's siara were 1educed to tho epoch, 1840, by
the quantiltes given m each catalogne, but those of Lacaillo were
biought up giaphically, by moving them, 1 longitude ouly, on the
maps.

Lacnile 13 the anthounty for the sonthein hemmspheie ; but since
the time when these maps weie constiucted, a calnlogue ol GOG
southein stms has been printed by the Bust Indin Company, de~
duced by Laeutenant Johnson*, late of the St, Helena Artillery,

* Thus catelogus obtained tho gold medal of the Aslronomien] Society, and theugh
the wsiruments employed woro not of tho very flest descaiplion, 1t was asserted by the
committoe appomnfed fo exmming 1, to be eapable of vywg with these whieh huve
1ssued from tho firat-rate observateried pf Furope,
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fiom his observations while 1w chaige of the observatory v thal
wland  The difference between the stms’ places as given by
Lieutenant Johnson and by Lacaille, 15 not sufficient to be visible
n the maps, but the flollowing new stars, which appem to hase
Leen observed by the foimer only® mie here given, with then
numbers in the new catalogue, then magmitudes, 115ht ascensions
and declinations for the yew 1830 «—

Nwmber 1n Johnson's

Cutologue, and namae e, 18%0
of constellation Mag. na 1830 South
6 Oclany 6L or 15 —+ go° 18r 3270

327 Octans 14 13 33,60 B7 25 3b9
388  Octans 15 59 39,50 86 0 47
395 Noima 6 6 ~— 49 38 1}

423 Oclans
433 Octans
496 Qctans
549  Qclans
553 Chas

578 Octans

16 55 670 89 14 59 4
17 14 54,90 87 37 128
19 26 1640 &0 34 08
2L 56 10,00 86 49 88
B2 H - 42 11 18
22 57 40,30 88 24 38-2

Flamsteed’s number has always heen prefened, wheie 1t exists,
and appeais n laige prnt; Lacaille’s numbet has one line; and
that of Ilevelhus has two lines diawn upder ity that of Pz,
whete 1t 15 the distinetipn of the stur, 15 1n small Ttalic numernls
All Mo, Baily's coriections 1n his valvable ediion of Flamsteed's
Catalogue, recently published, have been attended to as to Baya’s
leitets and Flamsteed’s numerals, The former were ananged by
Bayen, so that the order of the letters might also be that of the mag
mitndes of the staus § the lalter were atinched lo the stwis i order
of right ascension  The stars marked double are taken fiom Si
W. Heschel’s Papers in the Philosophical Transactions for 1782
and 1785, and from Stnve’s Large Catalogue, the Dorpat Calne
logue, as 1t 18 frequently termed, pubkished in 1827. Piawzi has
separaled many of the double stars, and given the positions of' both,
Where the scale will allow, the two stais are lad down, and Prazz{s
numbers given, All S W. Heischel's Nebuls (which include

o= I B o B B ol o B = o N
o

* They do not appear 1n the Astronomion! Soctety’s Catalogue, noy in Lacaile,
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Messtet's,) are laid down with the numbeis and classes aflised,
namely, 1000 fiom Phl Thans L786; 1000 fiom do do 1789,
and 500 from do do 1802 ; 500 are added fiom Sun J, Herschel's
Catalogue alieady quoted ; and 629 m the southein hemispheie
ate taken fiom Mr, Dunlop’s Paper in the Philosophical Tians-
actions for 1828, From the latter souice the Nubecula major and
mainoer we lud down, Su W. Herschel's nebule have numbers
and classes (for wstances, 23 vrir ) 3 {hose of Siv J Herschel have
no classes, but hase the laiger numbeinng; while those of M
Dunlop aie in small punt,

All these stais, as belote stated, are reduced to the year 1840, that
18, we in the posthion 1n which they will be n the yem 1840, To
form a notion of the way m which piecession will appent lo cauy o
star, look at the neaest parallel of latitude, and imagine the sta: to
more patallel fo 1, 1 the oder of the signs, al the 1atc of & degiee
1 seventy-two yems. The position of the paiallel of latitude will
ennble the 1eader to estimate whether the motion 15 greatest in right
ascension o1 1 dechnation.

The stais which have proper motion are denoled by an anow an-
nexed, which points out the dnaction of the motion, and gives a
notion whether 1t 1 gieat o1 small,  To guin a better 1den, look at
some of the stais 1 the preceding hst (page 89),






APPENDIX™.

Vrrnry the last few years, the examination and measnrement of
ouhle stais has been prosecuted with gieal activity, 'We mopose
> give a shght sketch of the methods hitheito most successfully
dopted in measuing donhle stais}, both on account of the mtunsie
alue of this Inanch of astionomical inquuy, and becavse it 15 not
1cluded m many of the mmdinary tieatises, thongh peculimly within
he ieach of puvate obseivers, ‘The measmement of a double
tn 1 the determination of the position of one of the sims with
sgard to the other, (assuming the lager ns & fixed pomt,) so as fo
e ablo to distingmish and define any change of position between
iem At fust this was done by noting the differences of rght as-
enston and declination as the stais passed over the mendian . but
1 difliculty of obhseiving the difference of night ascension maide
us (in most cases) nn exceecimgly maccmate method, S W,
Ieischel intiodnced another and much more ncemate mode of ob-
stvalion.  Placing n wne m the foens of Ius eye-piece, he tuined
1e eye-prece 1o0und until the wire was pmrallel to the line passing
nough the centics of the two stais, when they mught be thcaded
s it were n the same momeni. Ilence, the posion of the snma
me when peipondicular to the meudian being known}, the angle
etween Lhe two positions of the wire, which gives the angle which
1e line joming the stars makes with the paiallel of daly motion,
ns also known  This1s Sn William’s angle of position, and by
1e fnther distinction of preceding o1 follownng, noréh or south, he
xed the mivation of the smaller slar with arespect to the larger
nthout amhiguity  The distance helween the slas was at first

* Fou tlus Appendic thoe anther 1 indebtod to Tus fiend the Rev. R Sheepshanks.
¥ Tho observation of webuler 1equures 5o much lght, thal ouly feleseopes of tho
ngeat aperture ean bo uvelully employod m the porswit, It s to the two Iloischols
int setones 18 ndebted fur almast every flung wiieh 14 positively and eosicetly known
1 this departmont of nstronomy, whicl, waitl tho resenvelies as to double stars, muy
a called tho Ifer sehelian branch of Astionomy,

1 Sunply by touung the oye-plecy wndi) ono of the stars runs slong tho wie,
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estmated 1 diameters and paiis of the lmper stais, but aflerwaids
a vely Ingenious appaiatus was used, w which two small moveable
lamps were made to subtend 1n one of the obseiver's eyes the same
angle which the maguified stass did m the other  The distance of
the lamps fiom each other, and fiom the observer, together with
the magmfying power of the telescope, supply sufficient data for
determining the distance between the stais  With such impeifect,
ot 1ather with suclr mcouvenieut means, (for the 1esults ate won-
deifully accwmate,) Su W, ITerschel formed hus catalogues of double
stars, and by a compauson between the measmes of the same
stms (especially of the angles of position) made al conmdernble
wtervals, asceitamed the fact that double stais mic i many -
stances a connected systern,

The discoveries and measiiements of Su W, ITerschel were mude
wholly with 1eflecting telescopies, mounnted so as to move with free-
dom vertically and sometimes honizontally . subsequent obseivers
hase for the most pait employed 1eliactors mounted equatonelly®,
and the position wne micromeler, When the telescope of an
equatorial 1s pomted on a slal, one molon, vz, that of the whole
instiument 10und s avis, with a velocity equal to the apparent
motion of the heavens, will keep the star perpelnally in the lield
of view This motion may he given by one hand tninmg o handle
with a Ilool’s jomt, which woiks the tangent sciew of the how
cucle, or still better, by clock-waik  The position miciometer, in
its newest and best consliuction, 18 of ity form jee

Fig 1. Poution Wne Micromater Liell of View, fig 2
onu

W

™ deatoloseope earned on an nxis wineh 1w parallel to the avis of the entth, and
henis sometunes enlled n paratfectic instewnent,
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Tiach of the lmige exterior dinded heads of Thg L is fised upon =
sciew, which by its 1evolution caities one ol the spidei-web lines
B3, Ce, INg 2, n o puiallel duection  The small milled-head
sciew, which woiks on an intctinr toothed wheel, tuins the whole
system 1ound in the duection of the auow, or reveisely The ob-
servation 1s made thus + the telescope being set npon the slais, and
clnmped 1n declination, 15 kept upon them by woiking a handle
and Hool’s jont; the small milled-head 15 tmned 10und until the
spider-line, A g, 15 parallel to the line joinng the centres of the
stais, which with a little caie 1t may be made lo thiead at the
same moment, The 1eading of the veinicis¥, if they have been pre-
viously adjusted, will now pomt out the angle of posiion of the
stats  Now since A s tn the duection of the stais, the lines B b
and C ¢ are perpendicular to that diection; one of them, as B,
18 made to bisect one of the stars by moving the instiument by the
handle and Hook's joint , while the other, Ce¢, by tutming the divided
head which cairies 1t, 13 made to bisecl the other sta  The 1evo-
lubions and pails of the divided head between Lhe comncidence of
the two wnes and the bisection of the two stais wall, with n know-
ledge of the scalet, give the distance,

Figo 30 Sw W Heischel, 1ig 4 Suw J. Horschol.
Boull
ﬁ;l&gh fglo"L
0
®
X Xy X
Preceding 09 e Following e % foe
ex X
LLX ¥
Fis]
i‘f’]g:t.h Norith

* Tn the mucrometer heto vopresonted, wliel w pedoated according to Sir J Ifoy-
sehol’s recommendation, tho devistans 1un fiom 0°to 3009, uud the vornims vond §0° and
270°, whon the slay, by 1ts own mobion, 1uns along the flxed wire, For Sw Wilhamty
nomenclaturg the ewclo should be divided mto fom quadrants, and the readings of the
vermas be onch 0 whon thoe atar rans nlong the fived wire 'To provent misinkes, o dias
gram of the stars should always be mude at the time of obsarvation,

1 To obtam the value of the seale of the miciomiefer, sof tha bivo meveablo wnod npnvt
a cortam number of vevolubiony, nnd ploee Ehom m the direction of the meridinn. Q-

I
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Some modifications n this process have lalely been mtiodu
which we will now buiefly mention  Su Wilham Ileischel desc
the position of the small star (see fig 3, which shows the app
ance of a double star 11 an inveiting telescope), as bemg Lo
north or south, peceding o1 followng the pricipal sta.
angles are 18ckoned flom the paiallel of daily motion, from (
the noith o1 south pomt, each of which 18 malked 90°, In
figure, a, 1s e noith following star; b, soulh following ; ¢, south
ceding, d, noith pieceding, and the miciometers constiucted
this nomenclataie are diided nlo fow quadients. As this mod
reckoning 13 complex, and at limes leads to eiros, Su J. Hots
proposed n vol v, of the Royal Astion Soc Mem, p. 333,
commence the 1eading of the angle fiom the meudian al the nc
point, and 1o contmua 1t round m the ducction = fspn (norlh,
lowing, south, pieceding, north,) fiom 0°to 360°. so that 1°¢
responds to 89" n f, O1° to 1° s £, IBL° to 80° s p, 271" Lo 1° m}
This piroposition has been univesnlly adopted, ot least 1n
counhy (see Fig, 4, which is the apparent field ol view giadus
according to Sir John Heigchel. In tlus figuie the angle of poal
for a ig about 30°; for , 135°; for ¢, 190°, (o1 d, 330°). Anot
simplification has been pointed out, we beheye by S John II
schel (it has ceitainly been adopted successfully) : wiz., to supp
the fixed spidei-line Aa (Fig 2) altogether, and (o use tho li
B, Ce, placed nem: ench othe), for determining the angle of p
tion  The miwciometer 18 then adjusted when o slm tiavels nl
one of the wites, the 1nstiument being ol 1eat, and the veiniers sl
90° and 270° After this verification is mnde, o what 18 be
the ettor ascertained, to be heiealter applied #3 o coriection,

verve the traneif of wevoral atary of known doclination ovor {ho wiras; (hon multip]
each interval of secondy of timo by 15 cosno of stnr’y declinption, nnd talong 1ha m

you have the seconds pf Apaco wlnch agrrespond fo o known number of xovoluliox
the serow,

* Ifh b the ongle of Poﬂltmn iu Hir J, Horschel’s pystom, and IT that neogrdir
31-‘ William’s, then

Lo A== 90 — II 1n the rarth followang quadrant
‘ = W4 H , seuth "
, = 270 — H in the gouth pmad.mg quodlrant

C »220+H i noilh »
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wites we turned round by the small milled-head serew until the
stms aic eithet theeaded upon one of the wites, ot, being belween
them, are judged to be patallel to them., The veinieis are now
read off fo1 the angle of posiion This obseivation 1s 1epeated
until the result 1o satisfaclory, and then the veimeis ate tmned by
the milled-head thiough 90°, when the wnes aie in the proper
position for talung measures of distance. In this way the danger of
the wnes BD, Ce touching A ¢, techuically colled fiddlng, is
avoided, as well as the wndistinctness which with high poweis will
be found 1 one of thiee wires all at dilferent, distances * fiom the
eye-glass Theie 13, besides, tho advantage of measwing the dis-
lance a litle moie ceilainly n the proper duection, and the opera-
tion is petformed m less me, In measuring the distance of two
stis, after the wire B &6 has been placed upon one of the stars,
the laiger foi instance, and C o on the smalles, it 15 hetter to move
the whole mstiument by the handle and Hook’s joint until Bb ls
placed on the smalle;, and to move Co by its divided head to a
posttion C'¢’ (see Mg, 2) to bisect the lmger, The revelutions and
pauts described by the divided hewd now give twice the distance of
the two stars, and any unceitainly about the zero 1eading is elimi-
nated] If there be any doubt aboul the tiuth of the serews, C'¢
may now bo considered to be the fixed wne, and B b the moveabie
one, and thus the meansure may be 1epented|, i dillerent puits of
each sc1ow.

Ilitherto wo have spoken ag i€ the whole instiument was {o be
moved by the observer, by hand, so as to counternct the effect of the

* Tlug may Dhe ehviated by pushing in or pulling out the eye-piece betweon the two
mengures of pomtion pnd destance, bmt besides the tionble and loss ol fumo, thoo is
soma rsk, 1f the eye-mece move stilfly, of deranging the appaiatus

+ "This revo 18 thus determmed, 'Uho wive G i3 hiought to fouch B 5 flrst on ohe
slde pud then on iha other, aud the mean of tho 1eadmgs of tho micromeler hoad in
ench pemtion 15 the 1eadmyg when the wios comude,  Tho Aifferonce of this veadmpg
fiom 015 pided to or subtiaeted {1om all the nubsequent 1eadings of C¢, necnrding
ag the nero 1ending s Yackward from 0 o lorwards, mthe ovder of the gradoaton, just ng
the ndex-erroi of n sextant, In dlus method, B o a flzed wire  In the mothod re-
commendad in the text, (1t is due to S J ITorschel,) ono of the vendings of the miere-
meter ia lo be snbir acted from 1o olher, but (lng wili causo no embarassmeont {0 an
intellirent observer.

1 The Gormang eall thig micrometor the *reponting theend micromoter

12
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diinal motion,  Within the last few yems, stce the mtioduction
of lmge 1efincting telescopes, clock-work has been successlully em
ployed, especially by the celebated Finunhofer. The essentinl
quality of a clock foi canying an egnatorinlly mounted telescope,
1s that 1t should move smoothly, and not be affected suddenly by
any altetation of fiiction, &c  IMaunhofo's clock 18 o imn of
wheels dinvmg an upught spindle on which two small balls me
hung, These expand outwaids by the 10latory motion of the spindle
untd they rab aganst a conical suiface above them something
Lke an umbiella, the fiiction agmnst which destioys the supor-
abundant powes of the clock, and brings 1t to a umfoim mobion,
Theie 13 & contuvance for 1msing or lowering the powt on which
the spindle turns, and so regulating the clock (o the veloaity c-
quired,  This clock answeis very well, and 15 neithes cumbrons
no1 expeustve  Another clock, on a siulm principle, but on a
lmger zcale and with more poweiful actton, has been constructed
in this comtiy by Messis Troughton and Simms, The upuight
spidie 1 this case caijies a 1egulm goveinor, ke that attached to
steani-engines, which by a double lever piesses a poweilul bieak
on a wheel attached to one of the mbors of the clock when the
balls are expanded to the proper distance®, In Fraunhofer’s equa-
torals, the hisection of a star is effected by continual allerations
of the rate of the clocl, by means of a long handle, which is exceed-
mgly, inconveritent * In the appmatus of Messts. Troughton and
Slmms, the micrometer 15 fitted on a slipping-piace (see g, §)
which agam fixes on the end of the telescope,

By the two milled-head sciews, a very delicate motion can be
glegn to t:he micrometer in any 1equued Huection, withont tolatory
 idtiom, 5o that the bisections which wete heiotofore performed by
moving the whole mstrument, are now accomplished much moe
saisfactorily 1y touching a sonew. close to the ohserver's hands, It
is \des.‘imllale to have the'slipping-piece and mic1ometer as light ns is
. eonsistent with necessafy strongth, and the sciows of the slipping-

. bl ‘

. * For n“ﬁlgﬁci‘igiioq and’ figtha of thisinlock, seo the s/ auts
{he Royal Asthbrgmiond Sogiety, vél, §
fhig Jvgost equatorials i
porfestamonthness, Tt's

i

of the Praceodings of
1, No, 6 It.wrns\,aubsequenlly atiached 1o one of
itherfc) consttucted, which {biearmed with greut tudh and
16 in tho possession of, Chatles Hojford, Esj ) FILAS,

L]
L

1
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prece should be very smooth and fine When the apparatus 15 pro-
perly made, and the clock conectly 1ated, the observation of such

Ing 5 Shppump-Piece.
&1

double stars as (he telescope will separate, is quite as ensy as the
mensuiement of two dots on o sheet of paper  The only difli-
culty left, 1s that of piocuning a tangent sciew o give molion to
ihe mstinment with sufficient accuracy

There e many minutie comnecled with tlus subject which 1t
would be tedious to explun at length, though much of the con-
ventence and comfomi of obsetving depends on them, We will,
however, mention one very elegant improvement by the Astionomer
Royal in the construction of a splendid equatorial, lately presented
by the Duke of Nerthumbeiland to the Univeisity of Cambiidge.
In this instiument, the how cucle, which is cained by clock-work,
tmins ficely on the lower pivol of the polm axis, bul can be clamped
at pleasme to the bottom frame of the axis which caines the ver-
niers or microscopes, 1f Lhis how cucle be at fnst properly sel, and
the clock made to go sidereal Lime, 1t 15 evident that the veimers
will show the 11ght ascension of the st dueetly, without any auth-
motical operalion whatever

When the position-micromeler 18 nsed, it 1s absolulely necessary
ihat the telescope should move without any shake o1 jar (which is,
howevel, no difficully smce the mtieduction of clock-work), and 1t
18 destrable that the mounting should be fiim cnough to fix u slar
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within a few minutes®, Tf these requisites are obtained, and the
tube of the telescope be stff enough to allow the observel o touch
the sciews of the slipping-prece and miciometer without shaking,
the mounting 15 sufficient for the measmement of double stms, The
difficulty 1 managing laige nstruments auses fiom the mon-
strous inciease ol the moment of tnerbia, (which 15 patited by the
equable motion given by the clock,) and the tendency of the tele-
scope and fiame to twisl when presswe 18 appled lo a longer lever,
viz., of the eye end of the telescope.

Another msttument for measming double stas, which 1cquites
less steadiness, has 1ecently been most successfully used by Pio-
fessor Bessel, of Komgsberg This 1s a telescope of which the
object glass 1s cat 1 tvo by a plane passing thiough the diameters
of the lenses, and peipendiculay to then smifaces, One hall can
shide by the side of the other, and as each half gives n complete
1mage, a double star appems hike fom stars, which can be placed
a right line (this gives the angle of position), and at equal distances
(which gives the distance), The obseivations made by Bessel with
the heliometer, as 1t 15 called, e greatly superior 1 aceniacy to
any othev obseivations hitheito published. As the opeiation ol
cutting an object glass 1 two 1s a somewhat hazadous one, and
the 1mages formed by 1t never so perfect as those by an undivided
glass, it would perhaps he advisable to try what could be effected
by dividing one of the lenses of an eye-piece, which would givo
double images, and might be applied to any telescope whal=
evel.

Information on the subject of double stars and nebulm must be
gathered from various orginal memous The [ollowing list con-
tamns those which me most ramarkable i—

De Novis in Caclo sidereo phenoments Mannheim, 1770,  (Chpis-
tian Maye:r.)

# Aty conglderable doviahion or want of adjustment of the instromont wall affect
nuglos of goamnn ohsawad for from the meridian Tt must, howaver, be very largo
to do any sensibile mJury 3 and f tha flovwrd be neatly constant 1n the same position,
i Tidy e, allowed for, For the adjustments of the equatorial, seo n Memon by M,
Etlel, llld'#m. Ast, Soov, volo 17, po 495, or tha dbsivacts of the Memotrs, vol, 1, No, 99,
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Phil, Trans, vol. lxx1, p. 492 —Account of measumiements of
position and distance, with a descuption of a position micio-
meter, (¥, Heischel )

e O Ix011, P 112 ~—A catalogue of double staws (269
number) (P, Herschel,)

vol lxxit, p 163 —Descuption of lamp miciometer.
(F¥. Herschel.)

e vol laxv,, p 40 —Fuither catologue of double stais
(434). (W Herschel )

———— 1804, p 353,—*Account of changes that have hap-~
pened in the 1elalive situation of double stars (W, Herschel.)

Mem, Ast. Soc, vol 1, p 166.—~Calalogue of 145 new double
stus (P, Heischel.)

vol 1v, p. 165.—Catalogue of 195 double stars, taken
fiom La Lande’s Thstone Céleste

Phal Trans, 1824, Pal 2.—~Catalogue of 380 double stms,
(f. Ierschel and Soulh.)

1826, Pait ) | —Catalogue of 458 double stais, with a
synoptical view,  (Soulh )

Mem. of Ast. Soc., vol 1, p. 459—Observations made with a
Lwenty feet 1eflecting telescope, Descuptions and approximate
places of 321 double and tuple stars, (S, Hersehel )

s Yol 1, P, 47,~Continuation of the above (290 stais).
(' Herschel )

yob. iity, p. 177~Do. third sevies (384 stavs). (J. Ier-

schel )

vol. iv,, p. 831.—Do, fomth senes (1236 stars), (J Iler-

schel.)

vol, 1v, p. 1.—Do, fifth seiies, with remaks (2007
stms)  (J. Herschel ) .

These five sertes mie not to be considered accurate measuies.

They are such double stars as were met with by Su J. Heischel in

hig sweeps for nebule, &c

Mem. dst. Soo., vol. v, p. |3.—Micromeirical measures of 364
double stars, with a seven feet equatounl  (J. Herschel )

* Suud to be o continuabion of o paper i tho vol, for 1803, p, 3389, whero however no
such paper appoars

+ Tlns papor contains many valuable notes and romaks by S J Ierschel,

n

A~ —
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Menr. dst Soe,, vol, v, p. L71<.—On the investigation of the oility
of double stars, being a supplement to a paper cutitled * Miciow
metical Measmes,” (J. Hersehel.)

Mem Camb Phal. Soc., vol. v, p 426, —~Deseription of o machine
fou 1esolving by inspection certain ampoitanl foums, &e, of
tianscendental equations,  (J. Ilersehel.)

Mem dstron Soc , vol, vi, p 149.—Notice of the elliplic orbts of
£ Boolis, ¢ Virguis, n Corome  (J2 Herschel)

vol wni, p. 37—~8Second senes of mucromelrieal men.
swements, (J. Ierschel )

i yol, 1L, p 257, —Approximate places of double slais
the sonthern hemsphere.  (LDunlop.)

e vol, v, P. 135 —Observations of the tnple star { Canen
(Dwwes )
v vO1, ¥, o 130.-—~Ohservations of double stais,  (Darves.)

w——— vol. v, p. Gl.~~Measmements of 121 double sinis,
{(Dawes.)

Sir J lleischel is now at the Cape, measwing the double stars of
the southein hemispheie, and noting the nebulw,

Struve, Calalogus novus stellarwm duplicivan (3112 slmis),  Dor-
pais, 1827,

Astranomisele Nachaichter, No, 240, vol. x,, p. 392, contains oh-
se1vations of thuty-nme double stms by Bessel, with o compurison
of his 1esulls with those of Strmve  These are probably the best
1esults m distance yet published,  Sliuve scems to have a constant
crior of nbout 073 1n his distances, which mie too small. Luithe
calalogues may be expected from Bessel and Sirave.

NEBU LA

Connoissance des  Tems, 1784.—100 nebuloo by Messier, 3 by
Mechawm,

Plal. Trans , vol. 1xavi,, p. 457 —Calalogue of 1000 nebulee and
clusters. (M7, Flerschel )

* Thid is n desouplion of the enslest, ng well as tha mowt elognnt and nceurale manney
of investignting the arbits of donblo slars, Unofly by n graphical mothad, which i appl
cable, and indead Tay beon apphed to many physleal questions,  The following momoly
is o soek of supploment to it M, Savary and Profussor Bnake have svlved (he kame
pi‘oblum gnomﬂncully, hut not wilh equal practienl swecens,
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Phil. Tyans , vol. Ixxin, p R12 —Catalogue of a second thousand
new nebule and clusters, with 1emaiks on the constiuction of
the heavens (V' Ileischel )

1802, p 477 —Catalogue of 500 new nebulm, nebulous
stmis, planetary nebule, clustels, with 1emaiks on the con-
stiuction of the heavens, (¥ Haschel )

e 1811, p. 269.—Aslionomical observations 1elalng to the
constiuction of the heavens, &¢ (¥ ITerschel )

e 1814, p  248,—Continnation of the last, (/¥ Ilerschel )

D —

Many most valuable memows, by Swr W Heischel, which 1t
would be tedious and out of place to specily Leie, ate to be found 1n
the volumes of the Phil, Tiang  Such aie s ealy views on the
construction of the heavens—vol Ixxiv, p 437, vol lxwy, p 213,
1795, p. 46, 1796, p. 166 On the comparative buightness of stais,
&c—1706, p. 166, 1797, pp 142 and 203, 1799, p 121 On Ius
telescopes and power of penecliating 1ato space—I795, p 347 ;
1800, p 494 1817, p. 302; 1818, p 429, &c Tt s hoped that a
complete collection of Sir W. Heischel’s Memons may be given to
the public at no very distant petiod.

Pl Trans, 1828, p 113,—Nebulee and clusteis in the southein
hermspheie,  (Dunlop.)

Phil. Trans, 1833, Pait 2, p. 359, — A catalogue of nebulim,
J. Ierschel. This most impoitant memoir 13 the 1esult of o
1evision of the heavens, by Sir J. Herschel, with a similar in-
stiument to that used by i immortal father  On the retuin
of Su J. Heischel fiom the Cape of Good Hope, we may
hope for a like account of the southern hemsphere, thus
completing & statistical survey of the heavens at a given epoch,
On looking over the List of the memous cited, 1t 1s obvious how
entucly nebule and double stais may be considered as the
acquisiton and mhenitance of the Heischels, and thig notion
will be much sliengthened by a close exammaiion of the sub-
stance of Lhe memons Othes may have measmied and noted
very lnudably, but philosoplucal views and practical detals aie
almost wholly due to them.
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Crass A —DounLE STins NEANLY RqUAL
1st Dynston  Lorge Slars
Oth magnitude nad upwarda
Oesl TA 183 N1 D184 DIt | M yuited It ke,
o
Atialle 1 480 | 71 33 | # 1= 4
nator 7 235 | 67 db b 3 34
& Tluei un 1 630 88 b 6 Ly 4
¥ Aquarll 92 108 | 00 Ha 4 8 6
# Draconls 17 18| a8 18 i 0 =8
Androm 87 (B) | 23 567 | &7 18 | 4 B =0
4 | Dobitin (F 11 $80 | 41 3§ 3 H wa B
Urim 11 88) 87 a | 2 6, B4
B bily I 328 78 a1 1 8 5
» Virginis 12 328 | 90 20 | 13 | 4 = &
Cuats A —3nd Dwnnion Smali Stars 1 11t may
7ih mognitudos,
3 2981 14 goo | 48 40 8 ? e ¥
Andrm Z8(D) | 29 434 | 69 4 |4 | 7= 7
¥ 100 o0l BO 0 4 7 e 7
a 47 2 (33 g 2B 3 7= 7
N 1892 1 230 73 22 3 7 wm 7
Cgroure 1 (B) 15 1090 g 30 ) T o= 7
%, 1383 T 4 23 B | & | 7= ;
“q ‘gfnnm lg ‘1165 o lg 1 :'; s 7 Thao close etat
m 1 4 -
?A\*lgﬂ{f l g 404 | €0 23 7,78
4 'Aqurii i 90 481 | 06 17 7 78| wow
Ath mngoktudes ¥
3 1 6| 99 34 4 8 g
it s sl R BlilEL8
LT 09 g 510+ Fg,m &8 | 4 amgf
(- aa? g 43l ;} 17 3 B -
E Lys:‘: 1673 0 ﬂ,g ﬂ? d& g'g g = g
A E SR LE CA A O el
1418 . ¢ #bd 20 | 1 - B
¢ i 801 ¢ 0y b8 o1k |, g Lt .
A | 5 l[gg 1 g i 117 P Ra? v
| ¥ 1888 1l 1 B 8 |/
1 1§t 1 I 8 8

m various respocts as o light, distinetness &c
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A LIST OF TLST OBJT'CTS
Principally Double Stare arranged In Classes for the trial of Telescopes

Ilerscun: K G II & &o

BySwJ I W

Tnaer fo by permianion of if ¢ Counce § of the Royul 1 ironan eal Seolely

N B NoDoublo Slor {3 Insorted In thia it which ling not bear distl icHly sop rated

Ly the %0 foot Itefloglor or 7 fuef Bquntorin}
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Orass A—2nd Diunsiem, condinned,
Oth magniludes
Olyoat T A 1880 + [NTD 1830 +| Dhi | Magniindos, Romarke
I 7 ! i
¥4 ., . 0 09| 82 s1|s D=0
207 .y | 20 55,7 53 0 4 D=1
/77 . « .| 6 831 | a7 63 | 3 9 =9
Z1664 , , | 1 307 | 62 @ 3 D= @
h 86O, 14 198 | 63 88 | 2 0 =9
A 3074, o, ) 21 40,6 | P2 38 | 1} 0,0
2 1620 . 12 83| 18 59 [ 1 9 =9
282 . . . 21 382 | 89 5 | 12 D, 9
% 204 .] 22 283 | 20 B | 1 0 =9
* 1008 , 7 17,1 ] 80 41 | 1 9,8 \
200 , . . 1D 149 27 7 t g, 0
10th mognitudes,
A1780 . . .| 23 17,6 64 a b 10 == 10
ho418 . . 7 88 a6 5o 4 10 = 10
ho4ad ., B 1o0b | 71 20 | 3 10 = 10
& 1401 eoWf 20 52| 40 0 | 23 | 1010
2006 , . | 22 188 706 43 4 10 = 10
k1437 . 20 26,8 | 105 52 1 10 = 10
A 1305 L, 19 106 | 83 12 | 1 10 = 10
2 1708 , 21 17,0 30 3 1 0 =10
AO30 . . 0 1T 224 94 31 | 1 10 = 10
¥ 600 , . 4 42,8 ag 4 1 10 = 10
3 1038 | 7 08| 3 10 |1 10 = 10
3 1504 « ) 10 B43 B 27 ] 10 = 10
¢ |
11th magmtudos,
& 1104 , 1 56,2 22 0 )] 11 =11
L1384, 1¢ 13,0 8 10 4 11 = 11
A 1860 ., , 28 0,0 8d 44 4 11 = 11
ko 1036 . 0 265 | 48 8 | 3 11 =11
hoeg . . .| 16 274 )| 04 37 | 3 11 =11
2. }7;0 s gg zg,r 7] ]gu 3 }l = H
CIBDE 0y 130 = 4
A48 ., ] 4 ‘?33 g’é b g’a =1
AO8, . . . B 28,7 01 63 g,: 11 =3 11
AOT03% . . ] 177338 | 66 ¢ 1 11 =11
ho1038 ., o a0 [ 27 13 [ 1 11 =11
h18S6 . . .| 23 40 | 45 21 | 1 11 = 11
Ao1838 . . 28 62,1 | 28 48 | 1 11 =11
Crass A—81d Dimson  Minule Stars (below 115 magnityde)s *
. 1% magmtudes .
Lhwaﬂg N 6 42,3 03 4 3 12 = 12
& M . n 4 11,8 B0 38 3 12 :-uiz
A 1302 o 19 171 43 8d 3 12 =12
R7OI . o | B 254 | Bs 81 2% 19 = 12
AMY? . v ] 19 2B,1 | 106 13 2 12w 19
Tho amail star
1300 , 4| 17 975 | 64 34 | 2 | 13w )2 { Toubla
13th maguitades, + '
ko085, 4 40,0 1 00 19 | 4 E =13
vh 70, 7 458 | 78 15 | 8¢ = 13 *
A 1014, 23 443 | 38 8 | % | 13=13
ACA70d | 21 482 | 68 54 | 1F | 13 = 13 Rar
i i " mepe e
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Crass A—3rd Dansion, continned, Minule Stars (below 114k mag )
14th magmibudes

Objet RA 1830 + | NPT 1850 4 Dist | Magnitides Tomarks

T om u ' " Follows & larger

hO150 . . W] 3 274 b 20 49 4 14 = 11 oo star
Bo1860 . . o] 18 547 | 53 35 | 38 o= 14 o field,

hO1265 . . W) 14 587 82 o8 3 14 , 14 The stunll com
fEliquuler , 4 20 143 | 83 0d 2 14, 14 pimian of g 1y

Below I ih magautudes. doubla,
AR1IS7 o . b 267 30 b Che The smnll con
1% gt
R2048 . . | 20115 {100 18 |3 | ... { gl
R1248 . . o 14 75 | 81 52 v o oo fo tloso dble st
700, . 5 304 Gl ] 2 P
b G190 v s 2 14,3 81 10 1 N
h83 . 4 o 10 30,2 6l 4 1 e
Crass B, —MODERATELY UNEQUAL STANS,
1st Duvsion t Large Stars
£ Cophmry, + .| 21 585 26 14 G 46, 7
Gygm . 21 362 62 1 5 b, 0
« Lriapgoli o W 2 24 | 60 31 4 5,8 Yellow and blue
Leonis oW 10 104 69 16 3 23,4
g‘ierpen W, .| 15 264 | 73 53 3 5, 6
38 Lyncls o, 9 78 52 o8 3 5,8
¢+ Cassiopeum 2 150 23 22 2 5,8
gCmen, . . 8 21|71 8o | 1| 6,7 [fTirle Thoclse
A Ophichs , ] 16 22,1 87 38 1 6,7
COrass B —2nd Dunsion . Small Stars,
60 Serpents F1 | 18 18,3 | 89 65 4 7,90
Trsen 284 B . o} 11 289 24 43 3 7,9
2617, . . 4 72f8 s |3 8,10 ,
= 2000 , . . 22 370 18 10 3 10,12
10 Anetis T1 1 53,8 Gd &5 2 7,8
Cygm 28¢ B .| 20 62,0 | 40 13 2 7,8
3% Omonw Fl, o & 214 84 12 1 8,0
3 1858 . 14 2,6 { 68 41 | 1 8,0
Cams, Min 31 B 7 80,8 8l 29 1 8,0 .
1018 . . . 0 146 23 16 1 10,11
® 1630 . . ] 12 104 32 40 1 10 ,1)
o Corones  » o] 10 7,6 35 40 1 748, 9 The cloag rtm'. |
2 K . The ymall com-
@Boots . « | 16 180 | 52 4 | 1 8,9 10{ IR Of
TIM .. | 5 o8Ld| 70 82 | 1 9,11 R
ho2362 ., , . 11 12 57 bb 1 0,12
Crass O —Vriny uNEQUAL Srans, ,
18t Dymston © Small Sty CONSPIEUOUS,
p Cassioppn J) .0 885 | 33 7 |18 4, 8 {Bmall star, purple,
o« Herenhy 1 17 87 { 7% 24 | 4 3,
? Orioms b 32, 12 4 3 2,7 |
¢« Bootis ., 14 374;}» 62 1 3 3,8 '
. Small ¥, Noi
| 1 Droconis o | 10 487 | 20 11 | 3 4,8 {couspicumwinnn !
antlumined flold
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T18T OT TI 6T OBJII Q18,

Crass C—2nd Dunsion + Small Sty nol copsprcuous,

Temunatee ek,

(A B)

Oljoet RA 1830 & NP D 189 £ Dist | Magnitudes, Romaika,
I m e ' "
¢ Bapite . .f 19 418 7117 10 4, 010
& Pogasmt . f 21 30,9 ) Op 8 9 4,10
Pretty consm
4 Vngms 13 09 o4 368 7 5,10 ciows, wilh -
+ Leonts v , 1 11 118 | 77 4l 3 14, 9
s Oyhe 8 37,6 | 8¢ ad 3 4, 10
¥ Cett . . 2 34,2 87 3l 3 3, 19
k3004 . . .| 20 430 j14 316,11
3 Cygm . o 10 395 45 17 2 3, 10
k1051, , 0 35,6 66 13 1% 110, 14
Crass Di~—TivTRI METY UNVQUAT, S1ARS,
Regel + | & 63| 08 25 0 1, 9
Polmls . + [ 0 698 1 36 1% 2,10
e Lyie o .} 18 318 51 23 45 1,11
A Qemmngr , 7 80 73 9 15 4, 11
y Uaw . 1 08| s s | w5,
§ Fauula | 21 6,0 80 42 30 4,12
Onoms , f 6 93 97 2 18 4,12 ‘Zrl“nph-. :
EPogas. o .| 22 882 | 78 dg | 15 | 5,12 |{Tmle, Thod
b N I A 79 bO 12 G, 12 - "
(P, o | 8 435 | 5s 88 | 10 | a, 12 |{Tyible Yhonen
¢ Plseim 1 4,5 GG 19 g 65,12
%800 4 . .| 2 441 | 11 16 6 | 6,12
= 87 ., . . 10 4840 86 20 ] 7,12
¥ 2700 oo 21 144 32 G 3 7,12
L
# Comnw . .| 15161 | 69 4 | 40 | g, 13 [{Ti Thodut
Lo Coomo . | 16 75 | 55 40 | do | 7,13 {‘»:::g:‘q“‘t‘lmm'é";?
|+ Usm o . 4| 8 476 | 41 18 | 12 {34, 13
I h 693 + 0 5 0,7 82 3 b 7 » ]3
g Hydew L[ 11 163 | 16 41 3] 4,1
 Onoms , ,| & 903 07 2 18 4,14 Tiiple, (AQ)
hoeses . L 1% 64 | 76 5l 15 7,
wSagttarn ., L[ 18 36 [ 111 7 | 12 {44, 11 {%‘;;‘;L“;}““- The
12 Ceti T, 0 21,1 94 Bd 8 7, U
# Geminr , | 7 3,2 i 12 ) 4, 1
¢ Vugms , .| 11 195 | OF 28 4 o, U
pAquwit L 21 226 | 08 10 | 20 | 3,15
Ao 2714, . 0 I 45 | 10D 1 1 [ 78,18
3 Qﬁﬁﬂ‘ voeo W] 13 204 5103 58 8 0, 156
34 Leon Min, 11| 10 2338 | 48 43 25 | 6, 16
v Books ., .| 13 34,0 71 40 20 4,16
43 Leon T 10 22,8 56 43 20 6, 16
31 Cygmi X, ] 20 83 | 41 46 20, | 4, 16
L (0 - A } Quadruple. The
e Coonm | 16 75 [ o6 do | 20 | ¥ 16 {eneage,
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Crass D.—Eutiemely unequalled Star s, continued,

'y

Cbject T A 1830 4 [NDD 1880 | Dlat | Magnhiudes Tlonaneks,
b m e U #

584 , ., 2 4490 | 4 32 {13 8 ,{}g Jsupte.
§Pogan , . 22 380 | 78 43 | 11| 5, 10, [{Tr0le Thoclos
w2 Caners, 4| 8 49,0 7 28 0 | 45, 16.,,

A 3032 . , ] 21 2.0 B85 51 10 8, 1.,

738 . . . 3 443 | 92 83 | 10| 5, 10,

ho23% . . ) 1M 96d | 44 D 0 | 95 1bo

277 . . o] 11 25,6 41 18 8 9, 6.

«® Capricorni | 20 8,7 | 103 4 ] 3, 16..

04 Cet T, , 3 4,0 a1 560 B 6, 16,

30 Pegam FI, | 22 118 | 8 4 { g 6 ,{}2": }Trlple.
k333 . .. 3 18,8 67 4 3 ¢, 14..,

NB Among flus class D avo some very diffnlt, and some comparalively ensy
objects, but {hey reqnire 1e examination to auiange them In therw propey erder

Crass B —Rrsovvanne Crusrers oF Srans
For trywng the space penetraling powar s of Telescopes,

13 Messer
6 Messier
3 Mossier
2 Mossier
15 Messier

53 Messier

28 Messor

10 Messier
9 Massier
19 Messier
22 Messier
I, 03 . ,
& Nova ,
N .,

Menmer 46 ,

Nehuln In Oraon
Megmer 51
Mésgyer 27
Measigr 17 -,
Meossior 60,
v 41 ,
s .,
V.19,
Megmier 64,
Messier 57

« . .

- . v .

36,7
0,9
34,

20,7

44,0

Between 2 nnd ¢ Ierculiz,

A faunt object,

{ IIag a pianetary nebula (v 89)
wiihin it

Crass I —Remanzanrt Nrnvnr

Not resolvablo wnto Stars by Telescopes of any o1 dinary power, bul pre-
senfing very dufforent appea ances wn Teloscopes of dyfforent degiees
of oplical capaciy.

5 28
22,6
52,2
108
35,1
52,0
38,0
120

48]

32

A doubls nebula, !

Prszes through & Cygnu '
A farnt olyects v

The mnulsr nebula xa Lyva.




PUBLISHED BY THE SOCIETY TOR TIIL DIFTFUSION
OF USIFUL KNOWLIDGLE.

I,

SIX MAPS of the WORLD, lald down on the Gnomonie Piojeetion,

in s17e 10 {nches by 10, paice s, plan, 4e Od colomed,

1.,
SIX MAPS of the STARS, on the same pojection, 10 inches hy 10,

meluding all the Stms to the Sixth Magnitndo, prico 3s, plan, s colowed,

I

A GENERAT: GEOGRAPIIICAL ATLAS, consisting of Modein nnil
Anclent Maps, and Plang of Citles, yarying in sise from 14 inehes by 10, to 17 lnchos
by 14, Published in Numbors, ench containing two Maps, ptlee 1s pe nmmbe: plalng
13. G por number eolousod,

*, Tho Work ling nlieady proceedoad to Stxty Numbeis; and will be completed In
abont Twelve more < o Numbey appemis overy month,

Thoese Maps ato compiled fiom the very hest Authoritles, both offieral and private.
The Swle varied according to the acknowledged Impoiianes of the 1espectiva coun log
nnd distuiets, The Anvent Maps-—a vory useful and Intoesting fentuie of which w,
that thoy mo peclsely on the snme sonle ns the coniesponding Madoin—nra compliod
with the grentest eare; and under tho most Hlgorony smnting, Tho wholo are ong avid
in the bost mmnner, on Steel, and thoir ehenpness is unexampled i any connery,

v,

PRACTICAL GEOMETRY, LINEAR PERSPECTIVE, snd PIRO-
JECGTION; incladlng Tsometrleal Poispociive, Piojoctlons of tho Sphere, nnd {he
Pz ojection of Shadows, with Dasaiptlons of the Pilunaipal Instinments used in (loo.
raetiical Daawing, &, By Tuoaras Brapriy. In Bvo, with ight Engiavings on
Steel, and mome than 300 on Waod, Pileo, m cloth boneds, 7a,

v,

A TREATISE on FRIENDLY SOCIETIES; 1n which the Dechiine
oF Tunteost of Money, and the Doctine of Probability, nve prastienlly applied to the
n¥nirs of snoh Bocletles DBy Ciranr ns Awsor v, Bsy TR, Actumy to the Aulns
Ingmanco Company  In Bvo, prlee, in oloth boatds, 84,

‘\
This Treative is fornded on the Answors prooured by the Soclaty to Inquiries gong
to Thiendly Seolotles in most of the Countles of England, Mauy of the Schedules
,‘wrora dofective, but a suflloient number of vowurns wers tecelved to show the PAORO5Y

1



2 TIERARY OF USTI'UL KNOWLLDGY

of the motmbets of duterent Socloties, taken ndiserimnately dom all pmts of Bng.
land, while passing thuongh, 1 the nggiexate, 21,323 veass of hie, prnopally bevwoon
the ages 20 and 70,

Vi
A TIISTORY of the CITURCII, fiom the Emliest Ages lo the Refoy -

mation By the Rev, Grorar Wannivaion, Viem of Mnsham, and Prebondary of
Chichester, Very handsomely punted 1n 3 vols, Bva, pute, m cloth, 14 10,

#% This 18 & somewlat enlarged Bdition of the istory of the Clureh pubhshed 1n
the Laliay of Useful Knowledge, wnd hag boen mted for the convenlonce of thosa

desirous of having the Work m a luga type  The cuginal Editlon, in one Volume,
19 goldd oy usual,

Alsa, i
THE LIBRARY OF USLFUL XNOWLEDGT,

Published 1n Numbers at Sivpence each,

Or this Seles of Tienbiscs,—commenced 1n the yem 1827, and continued, with
senicely any mepuption, at the inte of Two Numbows ench Monthy—216 Numberg
Jave appeared, compusing B gieat vauety of condensed anformatlon m Narunar
Puirosoruy, IlisTony, Brosnaruy, Tt Marmnnars ricg, and other hanches of
Vseful Knowledge, These Numbed are now, for the most pat, formed inte Volumes,
Those which are 11 progiess are on the following subjeots —

HISTORY OF ENGLAND
HISTORY OF FRANCE.

~ POLITICAL GEOGRAPILY,
BOTANY, &o, &o.

THE FARMERS' SERIES OT T LIBRARY OF

USEFUL KNOWLEDGIS,

OF tIus poution of the Wk Bighty five Numbers aro published, olso for the most port
" completed in volumes, on tho following subjects ,—
THE IIORSE, 1 vol , pric‘(le 0s 6d
BRITISH CATTLE, 1 vol, ptice 105, 04
BRYTISH HUSBANDRY, vol, 1st, prico fs, 6d
ON'PLANTING, 1 vol , puico 3s

The Sedond Volume of Brinsh Tushandiy, and o woi'l on Slicop, ato In progress, In
nonthly numbers,

v

“
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Lonbox t Barnwin awn Cinavoex.






